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BOOK IX 


THE PHILOSOPHY OF BIOLOGY. 


Chapter I. 

ANALOGY OF BIOLOGY WITH OTHER SCIENCES. 

1. In the History of the Sciences, after treating of 
the Sciences of Classification, we proceeded to what are 
there termed the Organical Sciences, including in this 
term Physiology and Comparative Anatomy. A peculiar 
feature in this group of sciences is that they involve the 
notion of limng things. The notion of Life, however vague 
and obscure it may be in men’s minds, is apprehended as 
a peculiar Idea, not resolvable into any other Ideas, such, 
for instance, as Matter and Motion. The separation be- 
tween living creatures and inert matter, between organ- 
ized and unorganized beings, is conceived as a positive 
and insurmountable barrier. The two classes of objects 
are considered as of a distinct kind, produced and pre- 
served by different forces. Whether the Idea of Life is 
really thus original and fundamental, and whether, if so, 
it be one Idea only, or involve several, it must be the 
province of true philosophy to determine. What we 
shall here offer may be considered as an attempt to con- 
tribute something to the determination of these ques- 
tions ; but we shall pefhaps be able to make it appear 
that science is at present only in the course of its pro- 
gress towards a complete solution of such problems. 

Since the main feature of those sciences of which 

B 2 
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I'e have now to examine the philosophy is, that they 
siivolve the idea of life, it would be desirable to have 
cheih designated by a name expressive of that circum- 
^^hce. The word Physiology, by which they have most 
cohimonly been described, means the Science of Nature ; 
arid though it would be easy to explain, by reference to 
Ifiistory, the train of thought by which the word was 
latterly restricted to living nature, it is plain that the 
name is, etymologically speaking, loose and improper. 
The term Biology, which means exactly what we wish to 
express, the Science of Life, has often been used, and has 
of late become not uncommon among good writers. I 
shall therefore venture to employ it, in most cases, rather 
than the word Physiology. 

2. As I have already intimated, one main inquiry 
belonging to the Philosophy of Biology, is concerning the 
Fundamental Idea or Ideas which the science involves. 
If we look back at the course and the results of our dis- 
quisitions respecting other sciences in this work, and 
assume, as we may philosophically do, that there will be 
sofne general analogy between those sciences and this, 
n their developement and progress, we shall be enabled 
to anticipate in some measure the nature of the view 
which we shall now have to take. We have seen that 
in other subjects the Fundamental Ideas on which sci- 
ence depended, and the Conceptions derived from these, 
were at first vague, obscure, and confused ; — that by 
grMual steps, by a constant union of thought and obser- 
vation, these conceptions become more and more clear, 
more and more definite ; — and that when they approached 
complete distinctness and precision, there were made 
great positive discoveries intoVhich these conceptions 
jijntered, and thus the new precision of thought was 
fixed and perpetuated in some conspicuous and lasting 
truths. Thus we haVe seen how the first confused 
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mechanical conceptions (Force and <;he like,) were from 
time to time growing clearer down to the epoch of Newton ; 
— how true conceptions of Genera and of wider classes* 
gradually unfolded themselves among the botanists of the 
sixteenth and seventeenth centuries ; — how the idea of 
Substance became steady enough to govern the theories 
of chemists only at the epoch of Lavoisier ; — how the 
Idea of Polarity, although often used by physicists and 
chemists, is even now somewhat vague and indistinct in 
the minds of the greater part of speculators. In like man- 
ner we may expect to find that the Idea of Life, if indeed 
that be the governing Idea of the science which treats 
of living things, will be found to have been gradually 
approaching towards a distinct and definite form among 
the physiologists of all ages up to the present day. And 
if this be the case, it may not be considered superfluous, 
with reference to so interesting a subject, if we employ 
some space in tracing historically the steps of this pro- 
gress ; — the changes by which the originally loose idea 
of Life, or of Vital Powers, became more nearly suited 
to the purposes of science. 

3. But M'e may safely carry this analogy between Bio- 
logy and other sciences somewhat further. We have 
seen, in other sciences, that while men in their speculations 
were thus tending towards a certain peculiar Idea, but 
before they as yet saw it clearly to be peculiar and inde- 
pendent, they naturally and inevitably clothed their specu- 
lations in conceptions borrowed from some other extra- 
neous idea. And the unsatisfactoriness of all such at- 
tempts, and the necessary consequence of this, a constant 
alteration and succession of such inappropriate hypotheses, 
were indications and aids of the progress which was going 
on towards a more genuine form of Uie science. For 
ins^nce, we have seen that in chemistry, so long as men 
refused to recognise a peculiar and distinct kind of power 
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in the Affinity which binds together the elements of 
bodies, they framed to themselves a series of hypotheses, 
each constructed according to the prevalent ideas of the 
time, by which they tried to represent the relation of the 
compound to the ingredients : — first supposing that the 
elements bestowed upon the whole qualities resembling 
their own : — ^then giving up this supposition, and imagin- 
ing that the properties of the body depended upon the 
shape of the component particles ; — then, as their view 
expanded, assuming that it was not the shape, but the 
mechanical forces of the particles which gave the body 
its attributes ; — and finally acquiescing in, or rather re- 
luctantly admitting, the idea of Affinity, conceived as a 
peculiar power, different not only from material contact, 
but from any mechanical or dynamical attraction. 

Now we cannot but think it very natural to find that 
the history of Biology offers a series of occurrences of the 
same nature. The notions of Life in general, or of any 
Vital Functions orVital Forces in particular, are obviously 
very loose and vague as they exist in the minds of most 
men. The discrepancies and controversies respecting the 
definitions of all such terms, which are found in all works 
on physiology, afford us abundant evidence that these 
notions are not, at least not generally, apprehended with 
complete clearness and steadiness. We shall therefore 
find approaches and advances, intermediate steps, gra- 
dually leading up to the' greatest degree of distinctness 
which has yet been attained. And in those stages of 
imperfect apprehension in which the notions of life and 
of vital powers are still too loose and unformed to be 
applied independently, we may expect to find them sup- 
ported and embodied by means of hypotheses borrowed 
from other subjqpts, and thus made so distinct and sub- 
atential as to supply at least a temporary possibility of 
leiehiifie rehsoBing upon the laws of life. 



ANALOGY OF BIOLOGY WITH OTHER SCIENCES. 7 

4. For example, if we suppose that men begin to 
speculate upon the properties of living things without 
acknowledging a peculiar Vital Power, but making use 
successively of the knowledge supplied by the study of 
other subjects, we may easily imagine a series of hypo- 
theses along which they would pass. 

They would probably, first, in this as in other sciences, 
have their thoughts occupied by vague and mystical notions 
in which material and spiritual agency, natural and super- 
natural events, were mixed together without discrimina- 
tion, and without any clear notion at all. But as they 
acquired a more genuine perception of the nature of 
knowledge, they would naturally try to explain vital 
motions and processes by means of such forces as they 
had learnt the existence of from other sciences. They 
might first have a mechanical hypothesis, in which the 
mechanical forces of the solids and fluids which compose 
organized bodies should be referred to, as the most im- 
portant influences in the process of life. They might 
then attend to the actions which the fluids exercise in' 
virtue of their affinity, and might thus form a chemical 
theory. When they had proved the insuflScience of these 
hypotheses, borrowed from the powers which matter exhi- 
bits in other cases, they might think themselves autho- 
rized to assume some peculiar power or agency, still 
material, and thus they would have the hypothesis of a 
mUd fluid. And if they were driven to reject this, they 
might think that there was no resource but to assume 
an immaterial principle of life, and thus they would arrive 
at the doctrine of an animal soul. 

Now, through the cycle of hypotheses which we have 
thus supposed, physiology has actually passed. The con-* 
elusions to which the most philosophical minds have beeii 
led by a survey of this progress is, that by the failure of 
all these theories, men have exhausted this path of inqui^i 
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and shown that scientific truth is to be sought in some 
other manner. But before I proceed further to illustrate 
this result, it wll be proper, as I have already stated, to 
exhibit historically the various hypotheses which I have 
described. In doing this I shall principally follow the 
ffistoty of Medicine of Sprengel.:. It is only by taking 
for my guide a physiologist of acknowledged science and 
judgment, that I can hope, on such a subject, to avoid 
errors of detail. I proceed now to give in succession an 
account of the Mystical, the latrochemical, the latroma- 
thematical, and the Vital-Fluid Schools ; and finally of 
the Psychical School who hold the Vital Powers to be 
derived from the Soul {Psyche)- 


Chapter II. 

SUCCESSIVE BIOLOGICAL HYPOTHESES. 

Sectt. I. Mystical School — In order to abbreviate as 
much as can conveniently be done the historical view 
which I have now to take, I shall altogether pass over 
the physiological speculations of the ancients, and begin 
my survey with the general revival of science in modem 
times. 

We need not dwell long on the fantastical and unsub- 
stantial doctrines concerning physiology which prevailed 
in the sixteenth century, and which flowed in a great 
measure from the fertile but ill-regulated imaginations of 
the cultivators of Alchemy and Magic. One of the pro- 
minent doctors of this school is the celebrated Paracelsus, 
whose doctrines contained a combination of biblical in- 
terpretations, visionary religious notions, fanciful ana- 
logies, and bold experiments in practical medicine. The 
opinion of a close but mystical resemblance of parts 
between the universe and the human body, the Macrocosm 
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and the Microcosm, as these two things, thus compared, 
were termed, had probably come down from the Neopla- 
tonists ; it was adopted by the Paracelsists*, and con- 
nected with various astrological dreams and cabbalistic 
riddles. A succession of later Paracelsistsf , Rosicrucians, 
and other fanatics of the same kind, continued into the 
seventeenth century. Upon their notions was founded the 
pretension of curing wounds by a sympathetic powder, 
which Sir Kenelm Digby, among others, asserted; while 
animal magnetism, and the transfer of diseases from one per- 
son to another I, were maintained by others of this school. 
They held, too, the doctrines of astral bodies correspond- 
ing to each terrestrial body; and of the signatures of plants, 
that is, certain features in their external form by which 
their virtues might be known. How little advantage or 
progress real physiology could derive from speculations of 
this kind may be seen from this, that their tendency was 
to obliterate the distinction between living and lifeless 
things : according to Paracelsus, all things are alive, eat, 
drink, and excrete ; even minerals and -fluids^. Accord- 
ing to him and his school, besides material and immaterial 
beings, there are elementary spirits which hold an inter- 
mediate place, sylvans, nymphs, gnomes, saiamande^'s, &c. 
by whose agency various processes of enchantment may be 
achieved, and things apparently supernatural explained. 
Thus this spiritualist scheme dealt with a world of its 
own by means of fanciful inventions and mystical visions, 
instead of making any step in the study of nature. 

Perhaps, however, one of the most fantastical of the 
inventions of Paracelsus may be considered as indicating a 
perception of a peculiar character in the vital powers. 
According to him, the business of digestion is performed 
by a certain demon whom he calls Archaus, who has his 

* Spr., Hi., 456. + Ih., iv., 270. J Ib., iv., 276. 

§ Ib., iii. 458. Parao., De Vita Berum Naturaliwm, p. 889. 
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abode in the stomach, and who, by means of his alche- 
n^efd processes, separates the nutritive from the harmful 
part of our food, and makes it capable of assimilation*. 
This fanciful notion was afterwards adopted and expanded 
by Van Helmontf. According to him the stomach and 
spleen are both under the direction of this master-spirit, 
and these two organs form a sort of Duumvirate in the body. 

But though we may see in such writers occasional 
gleams of physiological thought, the absence of definite 
physical relations in the speculations thus promulgated 
was naturally intolerable to men of sound understanding 
and scientific tendencies. Such men naturally took hold of 
that part of the phenomena of life which could be most disr 
tinctly conceived, and which could be apparently explained 
by means of the sciences then cultivated ; and this was the 
part which appeared to be reducible to chemical concep- 
tions OTid doctrines. It will readily be supposed that the 
processes of chemistry have a considerable bearing upon 
physiological processes, and might, till their range was 
limited by a sound investigation, be supposed to have 
still more than they really had ; and thus a physiology 
was formed which depended mainly upon chemistry, and 
the school which held this doctrine has been called the 
iatrochemical school. 

Sect. II. The Iatrochemical School . — That all physical 
properties, and therefore chemical relations, have a mate- 
rial influence on physiological results, was already recog- 
nised, though dimly, in the Galenic doctrine of the four 
elementary qualities. But at the time of Paracelsus, 
chemical action was more distinctly than before separated 
from other kinds of physical action ; and therefore a 
physiological doctrine, founded upon chemistry, and freed 
from the extravagance and mysticism of the Paracelsists, 
was a very promising path of speculation. Andrew Liba- 

* Spb., iii., 468. t 76., iv., 802. 
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II 


vius* of Halle, in Saxony, Physician and Teacher in the 
Gymnasium at Koberg, is pointed out by Sprengel as the 
person who began to cultivate chemistry, as distinct from 
the theosophic fantasies of his predecessors ; and Angelus 
Sala of Viennaf, as his successor. The latter has the 
laudable distinction of having rejected the prevalent con- 
ceits about potable gold, a universal medicine, and the 
likej:. In Germany already at the beginning of the 
seventeenth century a peculiar chair of Chymiatria was 
already created at Marpurg : and many in various places 
pursued the same studies, till, in the middle of the seven- 
teenth century, we come to Lemery§, the principal 
reformer of pharmaceutical chemistry. But we are not 
here so much concerned with the practical as with the 
theoretical parts of iatrochemistry; and hence we pass on 
to Sylvius (I and his system. 

The opinion that chemistry had an important bearing 
upon physiology did not, however, begin with Sylvius.^ 
Paracelsus, among his extravagant absurdities, did some 
service to medicine by drawing attention to this important! 
truth. He used^ chemical principles for the explanation 
of particular diseases ; most or all of them according te 
him, arise from the effervescence of salts, from the com- 
bustion of sulphui', or from the coagulation of mercury; 
His medicines were chemical preparations ; and it was** 
an undeniable advantage of the Paracelsian doctrine that 
chemistry, thus became indispensable to the physician. 
We still retain a remnant of the chemical nomenclature 
of Paracelsus in the term tartar^ denoting the stony con-* 
cretion which forms on the teethff. According to him' 
there is a certain substance, the basis of all diseases which 
arise from a thickening of the juices and a collection of 

* Spb., iii., 550. t Ih., iv., 281. t h'., 2^8. 

§ /J., iv., 291. II /i.,iv..33e. 

IT Ib., iii., 472. ** Ib., iii., 482. ft Ib., iii., 475. 
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esriky nuitter; and this substance he calls Tartarus, 
b^ause it “burns like the fire of hell.” Helraont, the 
taccesBor of Pamcelsus in many absurdities, also followed 
him in the attempt to give a chemical account, however 
loose and wild, of the functions of the human body ; and 
is by Sprengel considered, with all his extravagancies, as 
a meritorious and important discoverer. The notion of 
the fermentation of fluids*, and of the aerial product 
thence resulting, to which he gave the name of Gas, forms 
an important part of his doctrines ; and of the six diges- 
tions which he assumes, the first prepares an acid, which 
is neutralized by the gall when it reaches the duodenum, 
and this constitutes the second digestion. 

I have already, in the History of Chemistry f, stated, 
that the doctrine of the opposition of acid and alkali, the 
great step which theoretical chemistry owes to Sylvius, 
was first brought into view as a physiological tenet, 
although we had then to trace its consequences jn ano- 
ther science. The explanation of all the functions of the 
animal system, both healthy and morbid, by means of 
this and other chemical doctrines, and the i)rescription of 
methods of cure founded upon such explanations, form 
the scheme of the iatrochemical school ; a school which 
almost engrossed the favour of European physicians 
during the greater part of the seventeenth century. 

Sylvius taught medicine at Leyden, from the year 
1658, with so much success, that Boerhaave alone sur- 
passed himf. His notions, although he piqued himself 
on their originality, were manifestly suggested in no 
small degree (as all such supposed novelties are) by the 
speculations of his predecessors, and the spirit of the 
times. Like Helmont|, he considers digestion as con- 
sisting in a fermentation ; but be states it more definitely 

* Vol. V., 315. f Hut. Ind. Set,, iii., 108. 

t Sro., iv., 336. § Ib., 338. 
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as the effervesceneo of. au acid, supplied by the saliva 
and the- pancreatic juice, with the alkali of the gall. By 
various other hypothetical processes, all of a chemical 
nature, the blood becomes a collection of various Juices, 
which are the subjects of the speculations of the iatro- 
chemists, to the entire neglect of the solid parts of 
the body. Diseases were accounted for by a supposed 
prevalence of one or the other of the acrid principles, the 
acid or the alkaline : and Sylvius* was bold enough to 
found upon these hypotheses practical methods of cure, 
which were in the highest degree mischievous. 

The Sylvian doctrine was often combined with some 
of the notions of the Cartesian system of philosophy; 
but this mixture I shall not notice, since my present 
object is to trace the history of a mere chemical physio- 
logy as one of the unsuccesslui attempts at a philosophy 
of life. With various modifications, this doctrine was 
diffused over Europe. It gave rise to several contro- 
versies, which turned upon the questions of the novelty 
of the doctrine, and the use of chemical remedies . to 
which it pointed, as well as upon its theoretical truth. 
We need not dwell long upon these controversies, 
although they were carried on with no small vehemence 
in their time. Thus the school of Paris opposed all 
innovation, remained true to the Galenic dogmatism, and 
declared itself earnestly against all combination of che- 
mistry with medicine and even against the chemical 
preparation of medicaments. Guy Patin, a celebrated 
and learned professor of that day, declaresf that the 
chemists are no better than forgers, and ought to be pun- 
ished as such. The use of antimonial medicines was a 
main point of dispute between the iatrochemists and 
their opponents; Patin maintained that more men had 
been destroyed by antimony than by the thirty years war 

* Sri, iv., 345. t/i.,349. 
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©f Germikny>; and endeavoured to substantiate this asser- 
tion by collecting all such cases in his Martyrologiutn 
AntmoniL It must have been a severe blow to Patin 
when*, in 1666, the doctors of the faculty of Paris, 
assembled by command of the parliament, declared, by a 
Inajority of ninety-two voices, that the use of antimonial 
medicines was allowable and laudable, and when all 
attempts to set aside this decision failed. 

Florentius Schuyl of Leyden sought, to recommend 
the iatrochemical doctrines, by maintaining that they 
were to be found in the Hippocratic writings ; nor was 
it difficult to give a chemical interpretation of the 
humoral pathology of the ancients. The Italian f phy- 
sicians also, for the most part, took this line, and 
attempted to show the agreement of the principles of 
the ancient school of medicine with the new chemical 
notimis. This, indeed, is the usual manner in which the 
diffusion of new theoretical ideas becomes universal. 

The progress of the chemical school of medicine in 
England^ requires our more especial notice. Willis was 
the most celebrated champion of this sect. He assumed, 
but with modifications of his own, the three Paracelsian 
principles, salt, sulphur, and mercury ; considered diges- 
tion as the effect of an acid, and explained other parts of 
the animal economy by distillation, fermentation, and the 
like. All diseases arise from the want of the requisite 
ferment; and the physician, he says^, may be compared to 
a vintner, since both the one and the other have to take 
care that the necessary fermentations go on, that no 
foreign matter mixes itself with the wine of life, to inter- 
rupt or derange those operations. In the middle of the 
seventeenth century, medicine had reached a point in 
which the life of the animal body was considered as 

* Spk., iv., 350. t 368. 

t Iki 353. § 75., 364. 
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merely a chemical process; the wish to explain every- 
thing on known principles left no recognised difference 
between organized and unorganized bodies, and diseases 
were treated according to this delusive notion. The 
condition of chemistry itself during this period, though 
not one of brilliant progress, was sufficiently stable and 
flourishing to give a plausibility to any speculation which 
was founded on chemical principles, and the real influ- 
ence of these principles in the animal frame could not be 
denied. 

The iatrochemists were at first resisted, as we have 
seen, by the adherents of the ancient schools ; they were 
attacked on various grounds, and- finally deposed from 
their ascendency by another sect, which we have to speak 
of, as the iatromathematical, or mechanical school. This 
sect was no less unsatisfactory and erroneous in its posi- 
tive doctrines than the chemists had been ; for the animal 
frame is no more a mere machine than a mere laboratory : 
but it promoted the cause of truth, by detecting and 
exposing the insufficient explanations and unproved 
assertions of the reigning theory. 

Boyle was one of the persons who first raised doubts 
against the current chemical doctrines of his time, as we 
have elsewhere noted ; but his objections had no peculiar 
physiological import. Hermann Conring*, the most 
learned physician of his time, a contemporary with Syl- 
vius, took a view more pertinent to our present object ; 
for he not only rejected the alchemical and hermetical 
medicines, but taught expressly that chemistry, in its 
then existing condition, was better fitted to be of use in 
the practice of pharmacy, than in the theories of physio- 
logy and pathology. He made the important assertion, 
also, that chemical principles do not pre-exist as such in 
the animal body ; and that there are higher powers which 

* Spr., iv., 361. 
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; organic world, and which do not depend 

and mixture of matter. 

j,, Attempts were made to prove the acid and alkaline 
nature of the fluids of the human body by means of expe- 
riments, as by John Viridet of Geneva*, and by Raimond 
Vieussensf, the latter of whom maintained that he had 
extracted an acid from the blood, and detected a ferment 
in the stomach. In opposition to him, Hecquet, a dis- 
ciple of the iatromathematical school, endeavoured to 
prove that digestion was performed, not by means of fer- 
' mentation, but by trituration. Hecquet’s own opinions 
cannot be defended; but his objections to the chemical 
doctrines, and his assertion of the difference of chemical 
and organical processes, are evidences of just thought^. 

The most important opponents of the iatrochemical 
school were Pitcairn in England, Bo]in and Hoffman in 
Germany, and Boerhaave in Holland. These eminent 
physicians, about the end of the seventeenth century, 
argued on the same grounds of observation, that digestion 
is not fermentation, and that the Sylvian accounts of the 
origin of diseases by means of acid and alkali are false. 
The arguments and authority of these and other persons 
Anally gained an ascendency in the medical world, and 
soon after this period we may consider the reign of 
the ehenucal school of physiology as past In fact, the 
attempts to prove its assertions experimentally were of 
the feeblest kind, and it had no solid basis on which it 
could rest, so as to resist the shock of the next hypothesis 
which the progress of the physical sciences might impel 
against it. We may, therefore, now consider the opinion 
of the mere chemical nature of the vital processes as 
disproved, and we proceed next to notice the history of 
another unsuccessful essay to reduce vital actions to 
known actions of another kind. 

* Sfk., iv., 329. + Ih., 350, (1715.) t 401. 
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SEiH". Iti.' ?%e latromaiheinMiccH <S'cAo<>/.--lh 'thejfiiTS: . 
Section of this chapter, w© ehumerated th© hioldgical 
hypotheses which at first present themselves, ’ as the 
mystical, the mechanical, the chemical. We might hate 
expected that they shoul<f occur to men’s minds in the 
order thus stated : and in fact they did so ; for the phy- 
siology of the ancient materialists, as Democritus and 
Lucretius, is mechanical so far as it is at all distinct in 
its views, and thus the mechanical preceded the che- 
mical doctrine. But in modern times, the fluid or che- 
mical physiology was developed before the solid or 
mechanical: of which the reason appears to have been* 
this ; — ^that mechanics and chemistry began to assume a 
scientific character about the same time ; and that of the 
two, chemistry not only appeared at first sight more 
applicable to the functions of the body, because all the 
more rapid changes appear to be connected with modi- 
fications of the fluids of the animal system, but also, by 
its wider range of facts and more indefinite principles, 
afforded a better temporary refuge for the mind when 
perplexed by the difficulties and mysteries which spring 
out of the speculations concerning life. But if chemistry 
was thus at first a more inviting field for the physiologist, 
mechanics soon became more attractive in virtue of the 
splendid results obtained by the schools of GaUleo and 
Newton. And when the insufficiency of chemical phy- 
siology was discovered by trial, as we have seen it was, 
the hope naturally arose, that the mechanical principles 
which had explained so many of the phenomena of the 
external universe might also be found applicable to the 
smaller world of material life; that the microcosm as 
well as the macrocosm might have its mechanical princi- 
ples. Prom this hope sprung the iatromathematical 
school, or school of mechanical physiologists. 

We, may, however, divide this school into two parts, 
VOL. II. c 
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th® Itelisiiv &Qd the Carteeio-Newtonian «ect. The 
^rtqet^ employed themselves, in calculating and analysing 
K'lpumber ef the properties of the animal frame which 
Me undoubtedly mechanical ; the latter, somewhat intoxi- 
cated by the supposed triumplfs of the corpuscular philo- 
sophyi endeavoured to extend these to physiology, aijd 
for this purpose introduced into the subject many arbi- 
trary and baseless hypotheses. I will very briefly men- 
tion some of the writers of both these sects. 

The main points to which the Italian or genuine 
mechanical physiologists attended, were the application 
of mechanical calculations to the force of the muscles, 
and of hydraulical reasonings to the motion of the fluids 
of the aaimal. system. The success with which Galileo 
and his disciples had pursued these branches of mecha- 
nical philosophy, and the ascendency which they had 
obtained, first in Italy, and then in other lands, made 
such speculations highly interesting. Borelli. nmy be 
considered as the first great name in his line, and his 
book, De Motu Animalium, {Opus Postlmmum, Romae, 
ItJSO,) is even now a very instructive treatise on the force 
and action of the bones and muscles. This, certainly one 
of the most valuable imrtioiis of mechanical physiology, 
has not even yet been so fully developed as it deserves, 
although John Bernoulli* and his son Daniel f applied 
to it the resources of analysis, and Pemberton f, in Eng- 
land, pursued the same subject. Other of these mecba- 
nieo.phy9iological problems consisted in referring the pres- 
sure of the blood and of the breath to hydrostatioal prin- 
etples. In this manner Borelli was led to assert that the 
muscles of the heart exert a force of 180,000 poundsf 
But a little later, Keill reduced this force to a few 
mmees||. Keili and others attempted to determine^ on 

• De Motu Miuvulorum. t Act. Acad. Petrop. 5., 

t Caurte ofPhyciok^, J773. f Sra., iv. DO. \\ Jh. 443. 
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eiimlar principles, the velocity of the blood; we need not 
notice the controversies which thus arose, since there is 
not'involved in them any peculiar physiological principle. 

The peculiar character of the iatromathematicai 
school, as an attempt at physiological theory, is more 
manifest in its other section, which we have called the 
Oartesio-Newtohian. The Cartesian system pretended 
to account for the appearances and changes of bodies by 
means of the size, figure, and motion of their minute 
particles. And though this system in its progress toward- 
the intellectual empire of Europe was suddenly overs 
turned by the rise of the Newtonian philosophy, these 
corpuscular doctrines rather gained than lost by the revo* 
tion ; for the Newtonian philosophy enlarged the powers 
of the corpuscular hypothesis, by adding the effects of the 
attractive and repulsive forces of particles to those of 
their form and motion. By this means, although New- 
ton’s discoveries did not in fact augment the probability 
of the corpuscular hypothesis, they so far increased its 
plausibility, that this hypothesis found favour both with 
Newton himself and his contemporaries, no less than it 
had done with the Cartesians. 

The attempt to apply this corpuscular hypothesis to 
physiology was made by Des Cartes himself. The gene-, 
ral character of such speculations may easily be guessed *. 
The secretions are effected by the organs operating after 
the manner of sieves. Bound particles pass through 
cylindrical tubes, pyramidal ones through triangular 
pores, cubical particles through square apertures, and 
thus different kinds of matter are separated. Similar 
speculations were pursued by other mathematicians ; the 
various diameter of the vessels t» their curvatures, fold«t 
and angles, were made subjects of calculation. Bellini, 
Dongellini, puUelmini, in Italy; Perrault, Dodart, in 

• Spb., iv., 329 . t Jb., 432 . 
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iijkl' chltivatoTs of Such studies. In the earlier part of 

eighteenth century, physiological theorists considered 
tt aS almbst self-evident that their science requir^' them 
to reason concerning the size and sh8i)e of the particles 
of the fluids, the diameter and form of the invisible 
vessels. Such was, for instance, the opinion of Cheyne*, 
who held that acute fevers arise from the obstruction of 
the glands, which occasions a more vehement motion of 
the blood. Mead, the physician of the King, and the 
friend of Newton, in like manner explained the effects of 
poisons by hypotheses concerning the form of their par- 
ticlesf, as we have already seen in speaking of chemistry. 

It is not necessary for us to dwell longer on this 
subject, or to point out the total insufficiency of the mere 
mechanical physiology. The iatrochemists had neglected 
the effect of the solids of the living frame; the iatro- 
mathematicians attended only to these And even 
these were considered only as canals, as cords, as levers, 
as lifeless machines. These reasoners never looked for 
any powers of a higher order than the cohesion, the 
resistance, the gravity, the attraction, which operate in 
ioert matter. If the chemical school assimilated the 
physician to a vintner or brewer, the mechanical physio- 
logists made him an hydraulic engineer; and, in fact, 
several of the iatromathematicians were at the same time 
teachers of engineering and of medicine. 

Several of the reasoners of this^school combined che- 
mical with their mechanical principles ; but it would 
throw no additional light upon the subject to give any 
account of these, and I shall therefore go on to speak of 
the next form of the attempt to explain the processes nf 
dife. 

* Sra., V., 223i f of !'/(&, ■ ' 
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Becjt* IsVp ' 7^, Vilt)^^iiuid S«kool^^ sp^afc here, not 
of that ( opinion which asanmes soma kind of fluid or 
ether as. the means of communication along i\iQ nerves in 
particular, bnt «f the hypothesis that all the peculiar 
functions of life depend upon some subtle ethereal sub- 
stancOi diffused through the frame ; — not of a nervous 
fluid, but of a oVa/ fluid. Again, I distinguish this 
opinion from the doctrine of an immaierwl vital power or 
principle, an animal soul, which will be the subject of the 
next Section : nor is this distinction insignificant; fora 
material element, however subtle, however much spiritual- 
ized, must still, act everywhere according to the same 
laws ; whereas we do not conceive an immaterial spirit 
or soul to be subject to this necessity. 

The iatromatbematical school could explain to their 
own satisfiiction how motions once begun, were trans- 
ferred and modified; but in many organs of the living 
frame there seemed to be a power of beginning motion, 
which is beyond all mere mechanical action. This led to 
the assumption of a principle of a higher kind, though 
still material. Such a principle was asserted by Frederick 
Hoffman, who was bom at Halle, in 1660*, and became 
Professor of Medicine at the newly-established University 
there in 1694. According to himf, the reason of the 
greater activity of organized bodies lies in the irifluence 
of a material substance of extreme subtilty, volatility, 
and energy. This is, he holds, no other than the Ether, 
which,* diffused through all nature, produces in plants the 
bud, the Secretion and motion of the juices, and is 
separated from the blood and lodged in the brain of 
animals;}:. From this, acting through the nerves, niUSt 
be derived all the actions of the organs in the animal 
frame; for when the influence of the nerve upon the 
muselp ceases, muscular motion ceases also, 

* Spa., V. 254. • t /J., V. 257 . 
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' ‘ TWre^^lrtbde of opbrfttibii 6f this vital flnid wtiSj how- 
by ito means steadily apprehended by Hoffinann 
fthd liis followers. Its operations are so far mechanical* 
that all eflfects are reduced to motion, yet they cannot be 
^iKplained according to known mechanical lawS. At one 
time the effects are said to take place according to laws 
of a Higher Mechanics which are still to be discovered f. 
At another time, in complete contradiction of the general 
Spirit of the system, metaphysical conceptions are intro- 
duced ; each particle of the vital fluid is said to have a 
determined idea of the whole mechanism and organism f, 
and according to this, it forms the body and preserves it 
by its motion. By means of this fluid the soul operates 
upon the body, and the instincts and the passions have 
their source in this material sensitive soul. This attribu- 
tion of ideas to the particles of the fluid is less unaccount- 
able when we recollect that something of the same kind 
is admitted into Leibnitz’s system, whose monads have 
also ideas. 

Notwithstanding its inconsistencies, Hoffman’s system 
was received with very general favour both in Germany 
and in the rest of Europe; the 'more so, inasmuch as it 
fell in very well with the philosophy both of Leibnitz 
and of Newton. The Newtonians were generally inelined 
to identify the vital fluid with the Ether, of which their 
master was so strongly disposed to assume the existence : 
and indeed he himself suggested this identiflcation. 

When the discoveries made respecting Electricity in 
the course of the eighteenth century had familiarized 
men with the notion of a pervading subtle agent, invi- 
sible, intangible, yet producing very powerful effects in 
every part of nature, physiologists also caught at the slig- 
^stion of Batch ah agent, and tried, by borrowing or 
imitating it, to aid the imperfection of their notions of 

• Sp*., V. 262, 3. f CJtjp., vol. v. p. 123. 
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the ti(»l powers. The Vital Principle* was imagined to 
be a substance of the same kind, by some to be the same 
substance, with the electric fluid. '!Qy its agency all 
these processes in organiaed bodies were accounted for 
which caiftiot be explained by mechanical or chemical 
laws, as the secretion of various matters (tears, milk, 
bile, &iO.) from an homogeneous fluid, the blood ; the 
production of animal heat, digestion, and the like. 
According to John Hunter, this attenuated substance 
pervaded the blood itself, as M'ell as the solid organic 
frame ; and the changes which take place in the blood 
which has flowed out of the veins into a basin are ex- 
plained by saying that it is, for a time, till this vital flui4 
evaporates, truly alive. 

The notion of a vital fluid appears also to be favour- 
ably looked upon by Cuvier; although with him this 
doctrine is mainly put forwards in the form of a nervous 
fluid. Yet in the following passage he extends the 
operation of such an agent to all the vital functionsf. 
“ We have only to suppose that all the medullary and 
nervous parts produce the nervous agent, and that they 
alone conduct it ; that is, that it can only be transmitted 
by them, and that it is changed or consumed by their ac- 
tions*. Then everything appears simple. A detached por- 
tion of muscle preserves for some time its irritability, on 
account of the portion of nerve which always adheres to it< 
The sensibility and the irritability reciprocally exhaust each 
other by their exercise, because they change or consume, 
the same agent. All the interior motions of digestion, 
secretion, excretion, participate in this exhaustion, or may 
produce it. All local excitation of the nerves brings 
thither more blood by augmenting the irritability of tho 
art^ips, and the afflux of blood augments the real sensiT» 

* PRibBAtO), oti ihk Bdctfim of a Vital Pinndj>U, p. 12; 
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pleasures of :titillations> the pains of infiain- 
.onaation* The pairticular sensations increase in the sanie 
( jnhnner and by the same causes; and the imagination 
' exercises, (still by means of the nerves,) upon the internal 
'flbres of the arteries or other- parts, and through them on 
the sensations, an action analogous to that of the will 
. upon the voluntary motions. As each exterior sense is 
exclusively disposed to admit the substances which it is 
to perceive, so each interior organ, secretory or other, is 
also more excitable by some one agent than by another: 
and hence arises what has* been called the pvper sensi- 
^lity ox proper life of the myans; and the influence of 
specifics which introduced into the general circulation 
affect only certain parts. In fine, if the nervous agent 
cannot become sensible to us, the reason is that all sensa- 
tion requires that this agent should be altered in some 
way or other ; and it cannot alter itself. 

“Such is the summary idea which we may at present 
form of the mutual .and general working of the vital 
powers in animals.” 

, Against the doctrine of a vital fluid as one uniform 
mftteiial agent pervading the organic frame, an argument 
has been stated which points out extremely well the 
philosophical objection to such an hypothesis*. If the 
vital principle be the same in all parts of the body, how 
does it happen, it is asked, that the secretions are so 
liferent f How do the particles in the. blood, separated 
from their old compounds and united into new ones, 
under the same influence, give origin to all the different 
flnids which are produced by thof glands ? The liver 
secretes bile, thet lacrymal gland tears, and so on, , . Is the 
.vital principle different in all these organs? To assert 
is to mulitiply nominal , principles without limit, apd 
* FaiOHARDr << Yilal ^irkuiplet p- &8. 
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without any advance in' the explanation of facts. Is the 
vital principle the same, but its operation Modified by 
the structure of the organ? We have then two unknown 
causes, the vital principle and the organic structure, 'to. 
account ^or the effect. By such a multiplication of 
hypotheses nothing is gained. We may as well say ht 
once, that the structure of the organ, acting by laws yet 
unknown, is the cause of the peculiar secretion. It is 
as easy to imagine this structure acting to produce the 
whole effect, as it is to imagine it modifying the activity 
of another agent. Thus theliypothesis of the vital fluid in 
this form explains nothing, aiW does not in any way help 
onwards the progress of real biological knowledge. 

The hypothesis of an immaterial vital principle must 
now be considered. 

Sect. V. The Psychical School. — The doctrine of an 
animal soul as the principle which makes the operations 
of organic different from those of inorganic matter, is quite 
distinct from, and we may say independent of, the 
doctrine of the soul as the intelligent, moral, responsible 
part of man’s nature. It is the former doctrine alone: of 
which we have here to speak, and those who thus hold 
the existence of an immaterial agent as the cause of ti^j^ 
phenomena of life, I term the Psychical School. 

Such a view of the constitution of living things ^ 
very ancient. For instance, Aristotle’s Treatise Me 
goes entirely upon the supposition that the soul ia 
the cause of motion, and he arrives at the <ionclttsion'thft 
there are different in the soul; the nukitive ot 
vegetativCi the sensitive^ and the rational*. 

But this doctrine is more instructive to us, ^en ^t 
appears as the antagonist of other opinions conceminjf 
the nature of life. In this form it ^mes before us 
promulgated by Stahl, whom we have already hoticed' ^ 

• AaisT. «• 2* 
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of the gvoafi discoverers in chemistry. Born in the 
«iai« yetr^’fts Hoffhian, and appointed at his suggestion 
pYOfsssor at the same time in the same new university of 
Hallo, he soon published a rival physiological theory. In 
a letter to Lucas Sclirbck, the president of the Academy 
# Naturalists, he describes the manner in which he was 
led to form a system for himself*. Educated in the 
tenets of Sylvius and Willis, according to which all dist 
eases are derived from the acidity of the fluids, Stahl, when 
a young student, often wondered how these fluids, so liable 
to be polluted and corrupted, hre so wonderfully preserved, 
through innumerable extenih.1 influences, and seem to be 
far less affected by these than by age, constitution, pas- 
sion. No material cause, could, ho thought, produce such 
effects. No attention to mechanism or chemistry alone 
could teach us the true nature and laws of organization. 

So far as Stahl recognised the influence, in living 
bodies, of something beyond the range of mechanics and 
ebemistry, there can be no doubt of the sound philosophy 
of his views; but when- he proceeds to found a positive 
system of physiology, his tenets become more precarious. 
The basis of his theory is thisf : the body has, as body, 
HO power to move itself, and must always be put in 
motion by immaterial substances. All motioa is a spi- 
ritual act:}:. The source of all activity in the organic 
body, from which its preservation, the permanency of its 
composition, and all its other functions proceed, is an 
immaterial being, which Stahl calls the Soul; because, 
as he says, when the effects are so similar, he will not 
multiply powers without necessity. Of this principle, he 
says, as the Hippocratlans said of Nature, that “ it does 
without teaching what it ought to do^,” and does it 
“ ivHhout considefatiori||.” These ancieilt tenets Stahl 

• Spb., V. 303. t Ib., V. 308. p /6., v. 814. 
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interprets in suci} a man ter that even the involuntary 
motions proceed firom the soul, though u^th out redeetion 
or clear consciousness. It is indeed evident, that there 
are many customary motions and sensations which are 
perfectly rational, yet not the olgects of distinct conscious^ 
. ness : and thus instinctive motions, and those of which 
we are quite unconscious, may still be connected with 
reason. The questions which in this view offer themselves, 
as, how the soul passes from the mother to the child, 
be dismisses as unprofitable*. He considers nutrition 
and secretion as the w'ork of the soul. The corpuscular 
theory and the doctrine of animal spirits are, he rightly 
observes, mere hypotheses, which are arbitrary in their 
character, and only shift the difficulty. For, if the ani- 
mal spirits are not matter, how can they explain the 
action of an immaterial substance on the body; and if 
they are matter, how are they themselves acted on ? 

This doctrine of the action of the soul on the body, 
was accepted by many persons, especially by the idtro? 
mathematicians, who could not but feel the insufficiency 
of their system without some such supplement: such 
were Cheyne and Mead. In Germany, Stahl’s disciples 
in physiology were for the most part inconsiderable per- 
sonsf . Several Englishmen who speculated concerning 
the metaphysics as well as the physiology of Sensation 
and Motion, inclined to this psychical view, as Porterfield 
and Whytt. Among the French, Boissier de Sauvages 
was the most zealous defender of the Stahlian system^ 
Actions, he says which belong to the preservation of 
life are determined' by a moral not a mechanical neces? 
sity. They proceed from the soul, but caiinot be con* 

. * ^19 WM of course an obvious problem. Harvbv, On Qe^fitiop, 
Exercise 27, p. 148, teaches, “That the egg is not the pro^uc^on of 
the womb, bat of the soul." 

f ^rs,, V. 339, &c. , J Ji.,3S8. 
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tPoWed'^by i|t» as the Bta^ting^froIa fear, or the trembling 
f^tdaotger. Unzer, a physician at Altona*, was also a 
j^Uosophical Stahlianf, 

We need not dwell on the opposition which was 
offered to this theory, first by Hoffman, and afterwards 
by Haller. The former of these had. promulgated, as we 
have seen, the rival theory of a nervous fluid, the latter 
was the principal assertor of the doctrine of irritability, 
an important theory on which we may afterwards have to 
touch. Haller’s animosity against the Stahlian hypothesis 
is a remarkable feature in one who is in general so tole- 
rant in his judgment of opinions. His arguments are 
taken from the absence of the control of the will over 
the vital actions, from the w^ant of consciousness accom- 
panying these actions, from the uniformity of them in dif- 
ferent conditions of the mind, and from the small sensi- 
bility of the heart which is the source of the vital actions. 
These objections, and the too decided distinction which 
Haller made between voluntary and involuntary muscles, 
were very satisfactorily answered by Whytt and Platner. 
In particular, it was urged that the instinctive actions of 
brate.s are inexplicable by means of mechanism, and may 
be compared with the necessary vital actions of the 
human body. Neither kind are accidental, neither kind 
are Voluntary, both are performed without reflection. 

Without tracing further the progress of the psychical 
doctrine, I shall borrow a few reflections upon it from 
Sprengelt;— 

« When the opponents of the Stahlian system repeat 
incessantly that the assumption of a psychical cause in 
cotporeal effects is a metaphysical speculation which does 
not belong to medicine, they talk to no purpose. The 
states of -the soul are objects of our internal experience, 
lihd interest the physician too nearly to allow him to 

tSPB. v.M i/j.m 
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neglect tlietn. The MiEtmierable tinconscious efforts of 
the soul, the powerful and daily effects of the passions 
upon the body, too often put to confusion those who 
would expel into thO region of metaphysics the disposi- 
tions of the mind. The connexion of our knowledge of 
the soul, as gathered from experience, with our khow» 
ledge of the human body, is far closer than the mecha- 
nical and chemical physiologists suspect. 

“ The strongest objection against the psychical sys- 
tem, and one which has never been sufficiently answered 
by any of its advocates, is the universality of organic 
effects in the vegetable kingdom. The comparison of 
the physiology of plants with the physiology of animals 
puts the latter in its true light. Without absolutely 
trifling with the- word soul, we cannot possibly derive 
from a soul the organic operations of vegetables. >fiut 
just as little can we, as some Stahlians have done, draw 
a sharp line between plants and animals, and ascribe the 
processes of the' former to mere mechanism, while we 
derive the operations of the latter from an intellectual 
principle. Not to mention that such a line is not pos- 
sible, the rise of the sap and the alteration of the fluids 
of plsmts cannot be derived entirely from material eauses 
as their highest origin.” 

Thus, I may add, this psychical theory, however diffi- 
cult to defend in its detail, does in its generalities express 
some important truths respecting the vital powers. It 
not only, like the last theory, gives unity to the living 
body, but it marks, more clearly than any other theory, 
the wide interval which separates mechanical and che- 
mical from vital action, and Axes our attention npon the 
now powers which the consideration of life compels ns to 
assume. Ijt not only reminds us that these powers; aro 
elevated known laws of the material world, 

also that they are closely connected with the world of 
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thffiigbt ttttd fading, \nth will and reason ; and thds it 
earnes us in a manner in which none of the preceding 
theories have done, to a true conception of a living, 
conscious, sentient, active individual. 

At the* same time we cannot but allow that the life 
of plants and of the lower onlers of animals shows us very 
clearly that, in order to arrive at any sound and consistent 
knowledge respe^ing life, we must form some conception 
of it from which all the higher attributes which the term 
soul ” involves, are utterly and carefully excluded ; and 
therefore we cannot but come to the conclusion that the 
psychfcal school are right mainly in this ; that in ascrib- 
ing the functions of life to a soul, they mark strongly and 
justly the impossibility of ascribing them to any known 
attributes of body. / 


Chapter III. 

ATTEMPTS TO ANALYSE THE IDEA OF LIFE, 

1. DeJinition$ of Life . — We have seen in the pre- 
deding chapter that all attempts to obtain a distinct con- 
ception of the nature of Life in general have ended in 
failure, and produced nothing beyond a negative result. 
Arid the conjecture may now naturally occur, that the 
cause of this failure resides in an erroneous mode of pro- 
pounding to ourselves the problem. Instead of contem- 
plating Life as a single Idea, it may perhaps be proper to 
separate it into several component notions: instead of 
seeking for one cause of all vital operations, it may be 
veell to look at the separate vital functions, and to seek 
their causes. When the view of this possibility opdns 
upon us, how shall we endeavour to verify it, and to 
trike advantage of it ? 
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Jjet US, as one obvious course, take some of the 
attempts which have been made to define Life, and let us 
see whether they appear to offer to us any analysis of the 
idea into component parts. Such definitions, when they 
proceed from men of philosophical minds, are the ulti- 
mate result of a long course of thought and observation; 
and by no means deserve to be slighted as arbitrary selec- 
tions of conditions, or empty forms of words. 

2. Life has been defined by Stahl*, “The con- 
dition by which a body resists a natural tendency to che- 
mical changes, such as putrefaction.” In like manner, 
M. von Humboldtf defines living bodies to be “those 
which, notwithstanding the constant operation of causes 
tending to change their form, are hindered by a certain 
inward power from undergoing such change.” The first 
of these definitions amounts only to the assertion, that 
vital processes are not chemical ; a negative result, which 
we may accept as true, but which is, as we have seen, a 
barren truth. The second appears to be, in its import, 
identical with the first. An inward principle can only 
be understood as distinguished from known external 
powers, such as mechanical and chemical agencies. Or 
if, by an internal principle, we mean such a principle as 
that of which we are conscious within ourselves, we 
ascribe a soul to all living things: an hypothesis which 
we have seen is not more effective than the former in 
promoting the progress of biological science. Nearly the 
same criticism applies to such definitions as that of Kant : 
that “ Life is an internal faculty producing change, 
motion, and action.” 

Other definitions refer us, not to some property 
residing in the whole of an organized mass, but to the 
connexion and relation of its parts. Thus M. von Hum- 

* Tbevikanus. Molcffie, p. 19. Stahiii, STiow. Med., p. 254. 
t Aphoritmen am d. Chem, Phyml. det er. 1. 
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bold#** hsa giYen another definition of a living body: 

it i& a whole whose parts, arbitrarily separated, no 
longer resist chemical changes.” But this additional 
ttfiertion concerning the parts, adds nothing of any value 
to the definition of the whole. And in some of the lower 
kinds of plants and animals it is hardly true as a fact. 

3. Another definition t places the character of Life in 
“motions serviceable to the body moved.” To this it 
has been objected that, on this definition, the earth and 
the. planets are living bodies. Perhaps it would be more 
philosophical to object to the introduction of so loose a 
notion as that of a property being serviceable to a body. 
We might also add, that if we speak of all vital func- 
tions as imiions, we make an assumption quite unautho- 
rized, and probably false. 

Other definitions refer the idea of Life to the idea of 
Organization. “ Life is the activity of matter according 
to laws of organization^.” We are then naturally led to 
ask what is . Organization. In reply to this is given us 
the Kantian definition of Organization, which I have 
already quoted elsewhere ||, “An organized product of 
nature is that in which all the parts are mutually ends 
and mearis^lf.” That this definition involves exact fun- 
damental ideas, and is capable of being made the basis of 
sound knowledge, I shall hereafter endeavour to show. 
But I may observe that such a definition leads us some- 
what further. If the parts of organized bodies are known 
to be means to certain ends, this must be known because 
they fulfil these ends, and produce certain effects by the 
opei^tion of a certmn cause or causes. The question then 

■* ■ Vermcbe fiber die ffereitzte Muekel wnd Nervenfdter, book ii’., 

p. 483. 

^ t Erbabi). RiktOBLAUs’s Ma^axin der Hdthtnde, b. i., at. 1, p. 69. 

i Tustiranvs, Biologie, p. 41. 

§ ScfiHib, PhytioloffUf b. ii., p. 274. 

II Hi$t. Ind. Sat., iii. 470. . H K^nt, Urtheilekraft, p. 296. 
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recurs, what is the cause which produces such effects as 
take place in organized or living bodies ? and this is iden- 
tical with the problem of which in the last chapter we 
traced the history, and related the failure of physiologists 
in all attempts at its solution. 

4. But what has been just said suggests to us 
tliat it may be an impi’ovement to put our problem in 
another shape : not to take for granted that the cause 
of all vital processes is one, but to suppose that there 
may be several separate causes at work in a living body. 
If this be so, life is no longer one kind of activity, but 
several. We have a number of operations which are 
somehow bound together, and life is the totality of all 
these : in short, life is not one function, but a system of 
functions. 

5. We are thus brought very near to the celebrated 
definition of life given by Bichat* : “ Life is the sum of 
the functions by which death is resisted.” But upon the 
definition thus stated, we may venture to observe ; — first, 
that the introduction of the notion of death in order to 
define the notion of life appears to be unphilosophical. 
"W e may more naturally define death with reference to 
life, as the cessation of life ; or at least we may consider 
life and death as correlative and interdependent notions. 
Again, the word “sum,” used in the way in which it here 
occurs, appears to be likely to convey an erroneous con- 
ception, as if the functions here spoken of were simply 
added to each other, and connected by co-existence. It 
is plain that our idea of life involves more than this ; the 
functions are all clearly connected, and mutually depend 
on each other ; nutrition, circulation, locomotion, repro- 
duction, each has its influence upon all the others. 
These functions not merely co-exist, but exist with many 
mutual relations and connexions ; they are continued so 

* Phynologkal Beaearchea (m TAfe and Death, 

VOL. II. D 
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as to fonn, not merely a min, but a sjjstem. And thus 
we are led to modify Bichat’s definition, and to say that 
Life is the system of vital functions. 

6. But it will be ohjjected that by such a definition 
we explain nothing : the notion of vital functions, it may 
be said, involves the idea of life, and thus bring’S us round 
again to our starting point. Or if not, at least it is as 
necessary to define Vital Functions as to define Life itself, 
so that we have made little progress in our task. 

To this we reply, that if any one seeks, upon such 
subjects, some ultimate and independent definition from 
which he can, by mere reasoning, deduce a series of con- 
clusions, he seeks that which cannot be found. In the 
Inductive Sciences, a definition does not form the basis 
of’ reasoning, but points out the course of investigation. 
The definition must include w'ords ; and the meaning of 
these words must be sought in the progress and results 
of observations, as I have elsewliere said*. “ The moaning 
of words is to be sought in the progress of thought ; the 
history of science is our dictionary ; the steps of scientific 
induction are our definitions.” It will ajipear, I think, 
that it is more easy for us to form an idea of a separate 
Function of the animal frame, as Nutrition or Reproduc- 
tion, than to comprehend Life in general under any single 
idea. And when we say that Life is a system of Vital 
Functions, we are of course directed to study these func- 
tions separately, and (as in all other subjects of scientific 
research) to endeavour to form of them such clear and 
definite ideas as may enable us to discover their laws. 

7. The view to which we arc thus led, of the most 
promising mode of conducting the researches of biology, 
is one which the greatest and most philosophical physio- 
lo^sts of modern times have adopted. Thus Cuvier 
considers this as the true oflSce of physiology at present. 

• Hitt. M. Sei., iii. 100. 
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“It belongs to‘ modern times,” he says, “to form a just 
classification of the vital phenomena; the task of the 
present time is to analyse the forces which belong to 
each organic element, and upon the zeal and activity 
which are given to this task depends, according to my 
judgment, the fortune of physiology*.” This classifica- 
tion of the phenomena of life involves, of course, a dis- 
tinction and arrangement of the vital functions ; and the 
investigation of the powers by which these functions are 
carried on, is a natural seiiuel to such a classification. 

8. Classifications of Functions . — Attempts to classify 
the vital functions of man were made at an early period, 
and have been repeated in great number up to modern 
times. The task of classification is exposed to the same 
difficulties, and governed bythe same conditions, in this 
as in other subjects. Here, as in the caSe of other things, 
there may be many classifications Avhich are moderately 
good and natural, but there is only one which is the best 
and the true natural system. Here, as in other cases, 
one classification brings into view one set of relations ; 
another, another ; and each may be valuable for its spe- 
cial purpose. Here, as in other cases, tlie classes may be 
well constituted, though the boundary lines Avhich divide 
them be somewliat indistinct, and the order doubtful. 
Here, as in other cases, we may have approached to the 
natural classification without having attained it ; and here, 
as in other cases, to define our classes is the last and 
hardest of our problems. 

The most ancient classification of the Functions of 
living thingsf, is the division of them into Vital, Natural, 
and Animal. The Vital Functions are those which can- 
not be interrupted without loss of life, as Circulation, 
Respiration, and Nervous Communication. Tlie Natural 

* Hist. Sc. Hal. dep. 1789, i. 218. 
t Rxet. (lea Sciences Nat., art. Fonctions. 
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Functions are those which without the intervention of 
the will operate on their proper occasions to preserve 
the bodies of animals; they are Digestion, Absorption, 
Nutrition ; to which was sylded Generation. The Animal 
Functions are those which involve perception and will, 
by which the animal is distinguished from the vegetable; 
they are Sensibility, Locomotion, and Voice. 

The two great grounds of this division, the distinction 
of functions vdiich operate continually, and those which 
operate occasionally ; and again, the distinction of func- 
tions which involve sensation and voluntary motion from 
those which do not, are really of fundamental import- 
ance, and gave a real value to this classification. It 
was, however, liable to obvious objections : namely, First, 
that the names of the classes were ill chosen ; for all the 
functions are natural, all are vital : Second, that the 
lines of demarcation between the classes are obscure and 
vague ; Respiration is a vital function, as being continu- 
ally necessary to life ; but it is also a natural function, 
since it concurs in the formation of the nutritive fluid, 
and an animal function, since it depends in part on the 
will. But these objections were not fatal, for a classi- 
fication may bo really sound and philosophical, though 
its boundary lines are vague, and its nomenclature ill 
selected. The division of the functions we have men- 
tioned kept its ground long; or was employed with a 
subdivision of one class, so as to make them four ; the 
vital, natural, animal and sexual functions. 

10. I pass over many intermediate attempts to clas- 
sify the functions, and proceed to that of Bichat as that 
which ’is, I believe, the one most generally assented to in 
modern times. Tlie leading principle in the scheme of 
this celebrated physiologist is the distinction between 
organic and animal life. This separation is nearly iden- 
tical with the one just noticed between the vital and 
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animal functions ; bnt Bichat, by the contrasts which he 
pointed out between these classes of functions, gave a 
decided prominence and permanence to the distinction. 
The Organic Life, which in animals is analogous to the 
life of vegetables, and the Animal Life, which implies 
sensation and voluntary motion, have each its system of 
organs. The centre of the animal life is the brain, of the 
organic life, the heart. Tlie former is carried on by a 
symmetrical, the latter, by an unsymmetrical system of 
organs : the former produces intermitting, tlie latter con- 
tinuous actions : and, in addition to these, other differ- 
ences are pointed out. This distinction of the two lives, 
being thus established, each is subdivided into two orders 
of Functions. The Animal Functions are passive, as 
Sensation: ov active, (ih Locomotion ami Voice; again, the 
Organic Functions are those of composition, which are 
concerned in taking matter into the system, Digestion, 
Absw'ption, Respiration, Circulation, Assimilation ; and 
those of decomposition, which reject the materials when 
they have discharged their office in the system, and these 
are again. Absorption, Circulation, and Secretion. To these 
are added Calorification, or the production of animal heat. 
It appears, from what has been said, that Absorption and 
Circulation, (and we may add Assimilation and Secretion, 
which are difficult to separate,) belong alike to the pro- 
cesses of composition and decomposition ; nor in truth, 
can we, with any rigour, separate the centripetal and 
centrifugal movements in that vortex which, as we shall 
see, is an apt image of organic life. 

Several objections have been made to this classifica- 
tion ; and in particular, to the terms thus employed. It 
has been asserted to be a perversion of language to ascribe 
to animals two lives, and to call the higher faculties in 
man, perception and volition, the animal functions. But, 
as we have already said, when a classification is really 
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good, such objections, which bear only upon the mode in 
which it is presented, are by no means fatal : and it is 
generally acknowledged, by all the most philosophical 
cultivators of biology, that this arrangement of the func- 
tions is better suited to the purposes of the science than 
those which preceded it. 

11. But according to the principles which we have 
already laid down, the solidity of such a classification is 
to be verified by its serving as a useful guide in biological 
researches. If the arrangement which wc have explained 
be really founded in natural relations, it will be found that 
in proportion as physiologists have studied the separate 
functions above enumerated, their ideas of these functions, 
and of the powers by which they are carried on, have 
become more and more clear; — have tended more and 
more to the character of exact and rigorous science. 

To examine how far this has been the case with 
regard to all the separate functions, would be to attempt 
to estimate the value of all the principal ])hysiological 
speculations of modern times ; — a task far too vast and 
too arduous for any one to undertake who has not devoted 
his life to such studies. But it may projrerly come within 
the compass of our present plan to shew how, with regard 
to the broader lines of the above classification, there has 
been such a progress as we have above described, from 
more loose and inaccurate notions of some of the vital 
functions to more definite and precise ideas. This I 
shall attempt to point out in one or two instances. 
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Chapter IV. 

ATTEMPTS TO FORM IDEAS OF SEPARATE VITAL 
FORCES, AND FIRST OF ASSIMILATION 
AND SECRETION. 

Sect. I. Course of Biological Research. 

1. It is to be observed that at present I do not speak 
of the progress of our knowledge with regard to the de- 
tail of the j)rocesses which take ])lace in the human body, 
but of the approach made to some distinct idea of the 
specially vital part of each process. In the History of 
Physiology, it has been seen* that all the great discoveries 
made respecting the organs and motions of the animal 
frame have been followed by speculations and hypotheses 
connected with such discoveries. The discovery of the 
circulation of the blood led to theories of animal heat ; 
the discovery of the motion of the chyle led to theories 
of digestion ; the close examination of the process of re- 
production in plants and animals led to theories of gene- 
ration. In ail these cases, the discovery brought to light 
some portion of the process Avhich was mechanical or 
chemical, but it also, in each instance, served to show 
that the process was something more than mechanical of 
chemical. The theory attempted to explain the process 
by the application of known causes; but there always 
remained some part of it which must unavoidably be 
referred to an unknown cause. But though unknown, 
such a cause was not a hopeless object of study. As the 
vital functions became better and better understood, it 
was seen more and more clearly at what precise pwnts of 
the process it wae nec§issary to assume a peculiar vital 
energy, and what sort of properties this energy must be 
conceived to possess. It was perceived where, in what 
* Hitt. Ind. Sei., iii., 406. 
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manner, in what degree, mechanical and chemical agen- 
cies were modified, overruled, or counteracted, by agencies 
which must be hyper-mechanical and hyper-chemical. 
And thus the discoveries made in anatomy by a laborious 
examination of facts, ])ointed out the necessity of intro- 
ducing new ideas, in order that the facts might be intel- 
ligible. Observation taught much ; and among other 
things, she taught that there was something which could 
not be observed, but which must, if possible, be con- 
ceived. I shall notice a few instances of this. 

Sect. II. Attempts to form a distinct Conception of 
Assimilation and Secretion, 

2. The Ancients. — That plants and animals grow by 
taking into their substance matter previously extraneous, 
is obvious to all ; but as soon as we attempt to conceive 
this process distinctly in detail, we find that it involves 
no inconsiderable mystery. How does the same food 
become blood and flesh, bone and hair? Perhaps the 
earliest attempt to explain this mystery, is that recorded 
by Lucretius* as the opinion of Anaxagoras, that food 
contains some bony, some fleshy particles, some of blood, 
and so on. We might, on this supposition, conceive that 
the mechanism of the body appropriates each kind of 
particle to its suitable place. 

But it is easy to refute this essay at jdiilosophizing 
(as Lucretius refutes it) by remarking that we do not 
find milk in grass, or blood in fruit, though such food 
gives such products in cattle and in men. In opposition 
to this “ Homoiomereia,” the oi)inion that is forced upon 
us by the facts is, that the process of nutrition is not a 
selection merely, but an assimilation ; the organized sys- 
tem does not fnd, but make, the (jjdditioas to its structure. 

3. Buffem. — ^This notion of assimilation may be vari- 
ously expressed and illustrated ; and all that we can do 

Lvch., 1 . 85^. Nunc ct .^naxngoiw scrutemur i^otofiipaav. 
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here, in order to show the progress of thought, is to ad- 
duce the speculations of those writers who have been most 
successful in seizing and marking its peculiar character. 
BuflPon^nay be taken as an example of the philosophy of 
his time on this subject. “The body of the animal,” 
says he*, “ is a kind of interior mould, in which the 
matter subservient to its increase is modelled and 
assimilated to the whole, in such a way that, without 
occasioning any change in the order and proportion of 
the parts, there results an augmentation in each part 
taken separately. I’liis increase, this development, if we 
would have a clear idea of it, how can we obtain it, except 
by considering the body of the animal, and each of the 
parts which is to be developed, as so many interior moulds 
which only receive the accessory matter in the order 
which results from the position of all their parts ? This 
development cannot take place, as persons sometimes 
persuade themselves, by an addition to the outside; on 
the contrary, it goes on by an intimate susception which 
j)enetrates the mass ; for, in the part thus developed, the 
size increases in all parts proj)ortionally, so that the new 
matter must penetrate it in all its dimensions : and it is 
quite necessary that this penetration of substance must 
take place in a certain order, and according to a cei'tain 
measure ; for if this were not so, some parts would de- 
velope themselves more than others. Now what can 
there be which shall prescribe such a rule to the acces- 
sory matter except the intenor mould 

To speak of a mould simply, would convey a coarse 
mefchanical notion, which could not be received as any 
useful contribution to physiological speculation. But 
this interior mould is, of course, to be understood figura- 
tively, not as an assemblage of cavities, but as a collec- 
tion of laws, shaping, directing, and modifying the new 
• Hitt. Nal., b. i. c. 3. 
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matter ; giving it not only form, but motion and activity, 
such as belong to the parts of an organic being. 

3. It must be allowed, however, that even with this 
explanation, 'the comparison is very loose and insufficient. 
A mould may be permitted to mean a collection of laws, 
but still it can convey no conception except that of laws 
regulated by relations of space ; and such a conception is 
very plainly quite inadequate to the purpose. What can 
we conceive of the interior mould by which chyle is sepa- 
lated from the aliments at the ])ores of the lacteals, or 
tears secreted in the lacrymatory gland ? 

An additional objection to this mode of expression of 
Buffon is, that it suggests to us only a single marked 
change in the assimilated matter, not a continuous series 
of changes. Vet the animal Huids and other substances 
are, in fact, undergoing a constant series of changes. 
Food becomes chyme, and chyme becomes chyle; chyle 
is poured into the blood ; from the blood secretions take 
place, as the bile ; the bile is poured into the digestive 
canal, and a portion of the matter ])reviously introduced 
is rejected out of the system. Here we must have a 
series of “ interior moulds and these must impress 
matter at its ejection from the organic system as well as 
at its reception. But, moreover, it is probable that none 
of the above transformations are quite abrupt. Change 
is going on between the beginning and the end of each 
stage of tlie nutritive circulation. To express the laws 
of this continuous change, the image of an interior mould 
is quite unsuited. We must seek a better mode of 
conception. 

4. Vegetable and animal nutrition is, as we have 
said, a constant circulation. The matter so assumed is 
not all retained : a perpetual subtraction accompanies a 
perpetual addition. There is an excretion as well as an 
intussusception. The matter which is assumed by the 
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living creature is retained only for a while, and is then 
parted with. The individual is the same, but its parts 
are in a perpetual flux : they come and go. For a time 
the matter which belongs to the organic body is bound 
to it by certain laws : but before it is thus bound and 
after it is loose, this matter may circulate about the qni-r 
verse in any other form. Life consists in a permanent 
influence over a perpetually changing set of particles. 

6. Cuvier . — This coinlition also has been happily ex- 
pressed, by means of a comparison, by another great 
naturalist. “If,” says Cuvier*, “if, in order to obtain a 
just idea of the essence of life, we consider it in the 
beings where its effects are most simple, w'e shall soon 
])erceive that it consists in the faculty which belongs to 
certain bodily combinations to continue during a cfeter- 
miuate time under a determinate form; constantly attract- 
ing into their composition a part of the surrounding 
substances, and giving up in return some part of their 
own substance. 

“ Life is thus a vortex, more or less rapid, more or less 
comjdex, which has a constant direction, and which always 
carries along its stream particles of the same kinds ; but 
ivi Avhich the individual particles are constantly enter- 
ing in and departing out ; so that the form of the living 
body is more essential to it than its matter. 

“ So long as this motion subsists, the body in which 
it takes place is alive ; it lives. When the motion stops 
finally, the body dies. After death, the elements which 
compose the body, given up to the ordinary chemical 
affinities, soon separate, and the body Avhich was alive is 
dissolved.” 

This notion of a vortex f which is permanent while 
* Reffne Animal, i. 11. 

t Tho definition of life given by M. de Blainville appears to me 
not to differ essentially from that of Cuvier. “ Un corps vivant est 
one sorte de foyer chiiniquo on il-y-a a tons momcns apport de non- 
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the matter ■which composes it constantly changes, — of pe- 
culiar forces which act in this vortex so long as it exists, 
and which give place to chemical forces when the circu- 
latory motion ceases, — appears to express some of the 
leading conditions of the assimilative power of living 
things in a simple and general manner, and thus tends 
to give distinctness to the notion of this vital function. 

6. But we may observe that this notion of a vortex 
is still insufficient. Particles are not only taken into the 
system and circulated through it for a time, but, as we 
have seen, they are altered in character in a manner to 
us unintelligible, both at their first admission into the 
system and at every period of their progress through it. 
In the vortex each particle is constantly transformed 
while it whirls. 

It may be said, perhajis, that this transformation may 
be conceived to be merely a new arrangement of particles, 
and that thus all the changes which take place in the 
circulating substances are merely so many additional 
windings in the course of the whirling current. But to 
say this, is to take for granted the atomic hypothesis in 
its rudest form. What right have we to assume that 
blood and tears, bile and milk, consist of like particles of 
matter differently arranged ? What can arrangement, a 
mere relation of space, do towards explaining such differ- 
ences? Is not the insufficiency, the absurdity of such 
an assumption proved by |;he whole course of science ? 
Are not even chemical changes, according to the best 
vieAvs hitherto obtained, something more than a mere 
new arrangement of particles? And are not vital as 
much beyond chemical, as chemical are beyond geome- 

velles molecules et depart do molecules anciennes ; oil la composition 
n est jamais fixe (si ce n'est d’un certain nonibre de parties verita- 
blement mortes ou en depot), mais toujours pour ainsi dire in nisu, 
d’on mouvement plus ou moins lent et quelquefois chaleur .” — PHncipes 
d'Anat. Comp.^ 1822 , t. i. p. 16 . 
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trical modifications 1 It is not enough, then, to conceive 
life as a vortex. The particles which are taken into the 
organic frame do more than circulate there. They are, 
at every point of their circulation, acted upon by laws of 
an unknown kind, changing the nature of the substance 
which they compose. Life is a vortex in which vital 
forces act at every point of the stream : it is not only a 
current of whirling matter, but a cycle of recurring 
powers. 

7. Matter and Form . — This ima<ie of a vortex is 
closely connected with the representation of life offered 
us by writers of a very different school. In Schelling’s 
Lecture.s on Academic Study, he takes a survey of the 
various branches of human knowledge, determining ac- 
cording to his own princij)les the shape wdiich each science 
must necessarily assume. The peculiar character of orga- 
nization, according to him*, is that the matter is only an 
accident of the thing itself, and the organization consists 
in form alone. But this fonn, by its very opposition to 
matter, ceases to be independent of it, and is only ideally 
separable. In organization, therefore, substance and 
accident, matter and form, are completely identical f. 
This notion, that in organization the form is essential and 
the matter accidental, or, in other words, that the form is 
permanent and the matter fluctuating and transitory, 
agrees, if taken in the grossest sense of matter and form, 
with Cuvier’s image of a vortex. In a whirlpool, or in a 
waterfall, the form remains, the matter constantly passes 
away and is renewed. But we have already seen:]: that in 
metaphysical speculations in which malted' and fo^'m are 
opposed, the word fo/rm is used in a far more extensive 
sense than that which denotes a relation of space. It may 
Lect. xiii., p. 288. 

1 1 have not translated Schelliiig s words, but given their import 
as far as I could. 

X Booh i. 
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indeed designate any change which matter can undergo ; 
and we may very allowably say that food and blood are 
the same matter under different forms. Hence if we 
assert that life is a constant form of circulating matter, we 
express Cuvier’s notion in a mode free from the false 
suggestion which “ vortex ” conveys. 

8. We may, however, still add something to this 
account of life. The circulating parts of the system not 
only circulate, but they form the non-circulating parts. 
Or rather, there are no non-circulating ]>arts : all por- 
tions of the frame circulate more or less rapidly. The 
food which we take circulates rapidly in the fluids, more 
slowly in the flesh, still more slowly in the bones ; but in 
all these parts it is taken into the system, retained there 
for some time, and finally replaced by other matter. But 
while it remains in the body, it exercises uj)on the other 
circulating parts the powers by which their motion is 
produced. Nutriment fonns and supports the organs, 
and the organs carry fresh nutriment to its destination. 
The peculiar forces of the living body, and its peculiar 
structure, are thus connected in an indescribable manner. 
The forces jiroduce the structure ; the structure, again, 
is requisite for the exertion of the forces. The idea of 
an organic or living being includes this peculiar condi- 
tion — that its construction and ])Owers are such, that it 
constantly appropriates to itself new portions of substance 
which, so appropriated, become indistinguishable jiarts of 
the whole, and serve to carry on subsequently the same 
functions by which they were assimilated. And thus 
organic life is a constant form of circulating matter, in which 
the matter and the form determine each other hy peculiar 
laws {that is, by vital forces). 

Sect. III. Attempts to conceive the Forces of Assimila- 
tion and Secretion. 

9. I have already stated that in our attempts to obtain 
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clear and scientific Ideas of vital forces, we have, in the 
first place, to seek to understand the course of change 
and motion in each function, so as to see at what points 
of tlie process peculiar causes come into play ; and next, 
to endeavour to obtain some insight into the peculiar 
character and attributes of these causes. Having spoken 
of the first part of this mode of investigation in regard 
to the general nutrition of organic bodies, I must now 
say a few words on the second part. 

The forces here spoken of are vital forces. From 
what has been said, we may see in some measure the dis- 
tinction between forces of this kind and mechanical or 
chemical forces; the latter tend constantly to produce a 
final condition, after which there is no further cause of 
change : mechanical forces tend to produce equilibrium ; 
chemical forces tend to produce composition or decompo- 
sition; and this point once reached, the matter in" which 
these forces reside is altogether inert. But an organic 
body tends to a constant motion, and the highest activity 
of organic forces shows itself in continuous change. 
Again, in mechanical and chemical forces, the force of 
any aggregate is the sum of the forces of all the parts : 
the sura of the forces corresponds to the sum of the 
matter. But in organic bodies the amount of effect does 
not depend on the matter, but on the form : the particles 
lose their separate energy, in order to share in that of the 
system ; they are not added, they are assimilated. 

10. It is difficult to say whether anything has been 
gained to science by the various attempts to assign a 
fixed name to the vital force which is thus the immediate 
cause of assimilation. It has been called organic attrac- 
tion or vital attraction, organic affinity or vital affinity, 
being thus compared with mechanical attraction or che- 
mical affinity. But, perhaps, as the process is certainly 
neither mechanical nor chemical, it is desirable to appro- 
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priate to it a peculiar name; and the name Assimilation, 
or Organic Assimilation, by the usage of good biological 
writers, is generally employed for this purpose, and may 
be taken as the standard name of this vital force. To 
illustrate this, I will quote a passage from the excellent 
Elements of Physiology of Professor Muller. “ In the pro- 
cess of nutrition is exemplified the fundamental principle 
of organic assimilation. Each elementary particle of an 
organ attracts similar particles from the blood, and by 
the changes it produces in them, causes them to partici- 
pate in the vital principle of the organ itself. Nerves 
take up nervous substance, muscles muscular substance : 
even morbid structures have the assimilating power; 
warts in the skin grow with their own jieculiar structure ; 
in an ulcer, the base and border are nourished in a way 
conformable to the mode of action and secretion deter- 
mined by the disease.” 

11. The force of organic assimilation spoken of in the 
last paragraph denotes peculiarly the force by which each 
organ Sjipropriates to itself a part of the nutriment re- 
ceived into the system, and thus is maintained and aug- 
mented w’ith the growth of the whole. But the growth 
of the solid parts is only one j^ortion of the function of 
nutrition ; besides this, we must consider the motion and 
changes of the fluids, and must ask what kind of forces 
may be conceived to produce these. What are the 
powers by which chyle is absoi'bed from the food, by which 
bile is secreted from the blood, by which the circulating 
motion of these and all other fluids of the body are con- 
stantly maintained? To the questions, — What are the 
forces by which absorption, secretion, and the vital motions, 
of fluids are produced ? — no satisfactory answer has been 
returned. Yet still some steps have been made, which 
it may be instructive to point out. 

12. In absorption it would appear that a part of the 
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agency is inorganic; for not only dead menubranes, but 
inorganic substances, absoA fluids, and even'absdrb tliem 
with elective forces, according to the ingredients of the 
fluid. A force which is of this kind, and which has been 
termed endosmose, has been found to produce very curious 
effects. When a mimbrane separates two fluids, holding 
in solution different ingredients, the fluids pas^ through 
the membrane in an imperceptible rhanner, and mix or 
exchange their elements. The force which produces 
these effects is capable of balancing a very considerable 
pressure. It appears, moreover, to depend, at least among 
other causes, upon attractions operating between the 
elements of the solids and the fluids, as well as between 
the different fluids; and this force, though thus appa- 
rently of a mechanical and chemical nature, probably has 
considerable influence in vital phenomena. 

13. But still, though endosmose may account in part 
for absorption in some cases, it is certain that there is 
some other vital force at work in this process. There 
must be, as Muller says*, “ an organic attraction of a 
kind hitherto unknown.” “If absorjjtion,” he addsf, “is 
to be explained in a manner analogous to the laws of 
endosmose, it must be supposed that a chemical affinity, 
resulting from the vital process itself, is exerted between 
the chyme in the intestines and the chyle in the lacteals, 
by which the chyle is enabled to attract the chyme with- 
out being itself attracted by it. But such affinity or 
attraction w'ould be of a vital nature, since it does not 
exist after death.” 

14. If the force of absorption be thus mysterious in 
its nature, the force of secretion is still'more so. In thi^ 
case we have an organ filled with a fine net- work of 
blood-vessels, and in the cavities of some gland, or open 
part, we have a new fluid formed, of a kind altogether 

* p. 299. 
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dii^reat from the blood itself. It is easily shown that 
this cannot be explained by any action of pores or capil- 
lary tubes. But wliat conception can we form of the 
forces by which such a change is produced ? Here, again, 
I shall borrow the expressions of Jliiller, as presenting 
the last result of modern physiology. He says*, “The 
more probable supposition is, that by virtue of imbibition, 
or the general organic ])orosity, the fluid portion of the 
blood becoinei^^diffused through the tissue of the secreting 
organ ; that the ej^ternal surface of the glandular canals 
everts a chemical attraction on the elements of the fluid, 
infusing into them at the same time a tendency to unite 
in new combinations ; and then repels them in a manner 
which is certainly quite inexplicable, towards the inner 
surface of the secreting membrane, or glandular canals.” 
“Although quite unsupported by facts,” he adds, “this 
theory of attraction and repulsion is not without its ana- 
logy in physical phenomena; and it would appear that 
very similar powers effect the elimination of the fluid in 
secretion, and cause it to be taken up by the lymphatics 
in absorption.” lie elsewhere saysf, “Absorption seems 
to depend on an attraction the nature of which is un- 
known, but of which the very counterpart, as it were, 
takes place in secretion; the fluids altered by the se- 
creting action being repelled towards the free side or 
open surface only of the secreting membranes, and then 
pressed fomards by the successive portions of the fluids 
secreted.” 

15. \\ ith regard to the forces whicli produce the 
motion of absorbed or secreted fluids along their destined 
bourse, it may be seen, from the last quoted sentence, 
that the Same vital force which changes the nature, also 
produces the movement of the substance. The fluids are 
pressed forwards by the successive portions absorbed or 
secreted. That this is the sole cause, or at least a very 
* Fhymlogy, p. 464. + p. 30 ], 
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powerful cause, of the motion of the nutritive fluids in 
organic bodies, is easily shown by experience. It is found* 
that the organs which effect the ascent of the sap in trees 
during the spring are the terminal parts Of the roots ; 
that the whole force by which the sap is impelled upwards 
is the vis a tergo, as* it has been called, the force pushing 
from behind, exerted in the roots. Alid thus the force 
which produces this motion is exerted exactly at those 
points where the organic body selects from the contiguous 
mass those particles which it absorbs and appropriates. 
And the same may most probably be taken for the caiise 
of the motion of the lymph and chyle ; at least, Muller 
saysf that no other motive power has been detected which 
impels those fluids in their cofirse. 

Thus, though we must confess the Vital Force con- 
cerned in Assimilation and Secretion to be unknown in 
its nature, we still obtain a view of some of the attributes 
which it involves. It has mechafiical eflScacy, producing 
motions, often such as would require great mechanical 
force. But it exerts at the same point both an attraction 
and a repulsion, attracting matter on one side, and repel- 
ling it on the other; and in this circumstance it differs 
entirely from mechanical forces. Again, it is not only 
mechanical but chemical, producing a complete change 
in the nature gf the substance on which it acts ; to which 
we must add that the changes produced by the vital 
forces are such as, for the most part, our artificial che- 
mistry cannot imitate. But, again, by the action of the 
vital force at any point of an organ, not only are fluids 
made to pass, and changed as they pass, but the organ 
itself is maintained and strengthened, so as to continue 
or to increase its operation : and thus the vital energy 
supports its activity by its action, and is augmented by 
being exerted. 

* MufiiiER, p. 300. 


t Ib., p. 254. 
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We have thus endeavoured to obtain a' view of some 
of the peculiar characters which belong to the Force of 
Organic Assimilation ; — the Force by which life is kept up, 
conceived in the most elementary form to which we can 
reduce it by observation and contemplation. It appears 
that it is a force which not only produces motion and 
chemical change, but also vitalizes the matter on which 
it acts, giving to it the power of producing like changes 
on other matter, and so on indefinitely. It not only cir- 
culates the particles of matter, but puts them in a stream 
ofVhich the flow is development as well as movement. 

The force of Organic Assimilation being thus con- 
ceived, it becomes instructive to comi)are it with the force 
concerned in Generation, Ayhich we shall therefore endea- 
vour to do. 

Sect. I V. Attempts to conceive the Process of Generation. 

16. At first sight the function of Nutrition appears 
very different from the function of Generation. In the 
former case we have merely the existing organs main- 
tained or enlarged, and their action continued ; in the 
latter, we have a new individual 2>roduced and extricated 
from the parent. The term reproduction has, no doubt, 
been applied, by different writers, to both these func- 
tions ; — to the processes by which an organ when muti- 
lated, is restored by the forces of the living body, and to 
the process by which a new generation of individuals is 
produced which may be considered as taking the place of 
the old generation, as these are gradually removed by 
death. But these are obviously different senses of the 
word. In the latter case, the term reproduction is 
figuratively used ; for the same individuals are not repro- 
duced ; but the species is kept up by the propagation of 
new individuals, as in nutrition the organ is kept up by 
the assimilation of new matter. To escape ambiguity> I 
shall avoid using the term reproduction in the sense of 
pj'opagation. 
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17. In Nutrition, as we have seen, the matter, which 
from being at first extraneous, is appropriated by the 
living system, and directed to the sustentation of the 
organs, undergoes a series of changes of which the detail 
eludes our observation and apprehension. The nutriment 
which we receive contributes to the growth of flesh and 
bone; viscera and organs of sense. But we cannot trace 
in its gradual changes a visible prejiaration for its final 
office. The portion of matter which is destined to repair 
the waste of the eye or the skin, is not found assuming a 
likeness to the parts of the eye or the structure of the 
skin, as it comes near the place where it is moulded into 
its ultimate form. Tlie new parts are insinuated among 
the old ones, in an obscure" and imperceptible matter. 
We can trace their progress only by their effects. The 
organs are nourished, and that is almost all we can learn : 
we cannot discover how this is done. We cannot follow 
nature through a series of manifest preparations and 
processes to this result. 

18. In Generation the case is quite different. The 
young being is fonned gradually and by a series of dis- 
tinguishable processes. It is included within the parent 
before it is extruded, and ajiproaches more or less to the 
likeness of the parent before it is detached. While it 
is still an embryo, it shares in the nutriment which circu- 
lates through the system of the mother; but its destination 
is already clear. While the new and the old parts, in 
every other portion of the” mother, are undistinguishably 
mixed together, this new part, the foetus, is clearly dis-. 
tinct from the rest of the system, and becomes rapidly 
more and more so, as the time goes on. And thus there 
is fonned, not a new part, but a new whole ; it is not an 
organ which is kept up, but an oftsj^ring which is pre- 
pared. The progeny is included in the parent, and is 
gradually fitted to be separated from it The Jroung is at 
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first only tlie development of a part of the organization 
of the mother ; — of a germ, an ovule. But it is not 
developed like other organs, retaining its general form. 
It does not become merely a larger bud, a larger ovule ; 
it is entirely changed ; it becomes from a bud, a blossom, 
a flower, a fruit, a seed ; from an ovule it becomes an 
egg, a chick, a bird ; or it may be, a foetus, a child. The 
original rudiment is not merely nourished, but unfolded 
and transformed through the most marked and remote 
changes, gradually tending to the form of the new indi- 
vidual. 

19. But this is not all. The foetus is, as we- have 
said, a development of a portion of the mother’s organi- 
zation. But the foetus (supposing it female) is a likeness 
of the mother. The mother, even before conception, 
contains within herself the germs of her progeny ; the 
female foetus, therefore, at a certain stage of develop- 
ment, will contain also the germs of possible progeny ; 
and thus we may have the germs of future generations, 
pre-existing and included successively within one another. 
And this state of things, which thus suggests itself to us 
as possible, is found to be the case in facts which obser- 
vation supplies. Anatomists have traced ovules in the 
unboni foetus, and thus we have three generations in- 
cluded one within another. 

20. Supposing we were to stop here, the process of 
propagation might appear to be altogether different from 
that of nutrition. The latter, as we have seen, may be 
in some measure illustrated by the image of a voi’tccv ; 
the former has been represented by the image of a series 
of germs, sheathed one within another successively, and 
this witliOut any limit. This view of the subject has 
been termed the doctrine of the pre-existence of germs ; 
and has been designated by German writers by a tenn 
(einschachtelungs-theorie) descriptive of the successive 
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slieatliiiig of which I Imvo spoUen. Imitating .this term, 
we may call it the theort/ of successive inclimQu, It has 
always had many adherents ; aiid has been, perhaps, np 
to the present time, the most cnvrent opinion on the 
subject of generation. Cuvier inclines to this opinion*. 
“ Fixed forms peri)ctuating themselves by generation dia- 
tiiignish the species of living things. These forms do 
not produce themselves, do not change themselves. Life 
supposes them to exist already ; its dame can be lighted 
only in organization previously prepared ; and the most 
profound meditations and the most delicate researches 
terminate alike in the mystery of the pre-existence of 
germs.” 

21. Yet this doctrine is full of difliculty. It is, as 
Cuvier says, a mysterious view’ of the subject so mys- 
terious that it can hardly bo acce])ted by us, who seek 
distinct conceptions as the basis of our philosophy. Can 
it be true, not only that the germ of the offspring is 
originally included in the parent, but also the germs of 
its progeny, and so on without limit : — So that each fruit- 
ful individual contains in itself an infinite collection of 
future possible individuals ; — a reserve of infinite sue*- 
ceeding generations ? This is hard to admit. Have we 
no alternative ? What is the opposite doctrine ? 

22. The op])osite doctrine deserves at least some 
notice. It extends to the production of a new individual, 
the conception of growTh by nutrition. According to 
this view, we suppose propagation to take place, not as in 
the view just spoken of, by inclusion and extrusion, but 
by assimilation and development ; — not by the material 
pre-existence of germs, *but by the communication of 
vital forces to new matter. This opinion appears to be 
entertained by some of the most eminent physiologists 
of the present time. Thus, Miillef s»y«, “ The organio 

* JHe^ne Animal^ HO, 
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force is also creative. The organic force ■which resides in 
the 'W’hole, and on ■which the existence of each part 
depends, has also the property of generating from organic 
matter the parts necessary to the whole.” Life, he adds, 
. is not merely a harmony of the parts. On the contrary, 
the harmonious action of the parts subsists only by the 
influence of a force pervading all parts of ^ the body. 
“This force exists before the harmonizing parts, v'hich 
are iivfact formed by it durkig the development of the 
embryo.” And again; “The creative force exists in the 
germ, and creli^tes in it the essential force of the future 
animal. The germ is potentialIi^i\\& whole animal ; during 
the development of the germ tfie ])arts which constitute 
the actual whole are produced.” 

23. In this view, we extend to the reproduction of 
an individual the same conception of organic assimilation 
•which we have already arrived at, as the best notion we 
can form of the force by which the reproduction and sus- 
tentation of parts takes place. And is not such an 
extension really very consistent ? If a living thing can 
appropriate to itself extraneous matter, invest it with its 
own functions, and thus put it in the stream of constant 
development, may we not conceive the development of a 
new whole to take place in this way as well as of a part f 
If the organized being can infuse into new matter its vital 
forces, is there any contradiction in supposing this infu- 
sion to take place in the full measure which is requisite 
for the production of a new individual? The force of 
organic assimilation is transferred to the very matter on 
which it acts ; it may be transferred so that the operation 
of the forces produces not only^an organ, but a system of 
organs. 

24. This identification of the forces whiclf operate 
in Nutrition and Generation may at first seem forced 
and obscure, in consequence of the very strong apparent 
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differences of the two processes which w-e have already 
noticed. But this defect in the doctrine is I’emedied by 
the consideration of what may be considered as inter- ^ 
mediate cases. It is not tpue that, in the nutrition of 
special organs, the matter is always conveyed to its ulti- 
mate destination without being on its way moulded into 
the form ^^liich it is finally to bear, as the embryo is 
moulded into the form of the future individual. On the 
contrary, there are cases in which the waste of the organs 
is supplied by the growth of new ones, which are prepared 
and formed before they are used, just as offspring is 
prepared and formed f^fore it is separated from the 
parent. This is the case with the teeth of many animals, 
and especially with the teeth of animals of the croco- 
dile kind. Young teeth grow near the root of the old 
ones, like buds on the stem of a plant; and as these 
become fully developed, they take the place of the 
parent tooth when that dies and is cast away. And 
these new teeth in their turn are succeeded by others 
which genninate from them. Several generations of 
such teeth, it is said as many as four, have been detected 
by anatomists, visibly existing at the same time; just 
as several generations of genns of individuals have been, 
as we already stated, observed included in one another. 
But this case of the teeth appears to show very strikingly 
how insufficient such observjitions are to establish the 
doctrine of successive inclusion, or of the pre-existence of 
germs. Are wo to suppose that every crocodile’s tooth 
includes in itself the germs of an infinite number of pos- 
sible teeth, as 4n the theory of pre-existing germs, every 
individual includes an infinite number of individuals ? If 
this be true of teeth, we must suppose that organ to 
follow laws entirely different from almost every other 
organ ; for no one would apply to the other organs in 
general such a theory of reproduction. But if such a 
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theory be not maintained respecting the te^th, bow can 
we maintain the theory of the pre-existing germs of indi- 
viduals, which has no recommendation except that of 
accounting for exactly the sqme phenomena? 

It would seem, then, that Ave are, by the closest consi- 
deratioii of the subject, led to conceive the forces by 
Avhich generation is produced as forces whlph vitalize 
certain portions of matter, and thus prej>are them for 
development according to organic forms ; and thus the 
conception of this Generative Force is identified with 
the concepti(U| of the Force of Organic Assimilation, to 
which we were led by t^ie consideration of the process 
of nutrition. 

I shall not attem])t to give further distinctness and 
fixity to this conception of one of the vital forces ; but I 
shall proceed to exemplify the same analysis of life by some 
remarks upon another Vital Process, and the Forces of 
which it exhibits tlie operation. 


Chapter V. 

ATTEMPTS TO FORM IDEAS OF SEPARATE 
VITAL FORCES, VOLUNTARY 

MOTION. 

1. We formerly noticed the distinctions of organic 
and animal functions, organic and animal forces, as one 
of the most marked distinctions to which physiologists 
have been led in their analysis of the vital powers. I 
have now taken one of the former, th# organic class of 
functions, namely, nutrition; and have endeavoured to 
point out in some measure the peculiar nature of the 
vital forces by which this InneUon is carried on> It may 
serve to show the extent and tfm difiiculty of this suldeet> 
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if, before quitting it, I offer a few remarks suggested by a 
function belonging to the other class, the animal func- 
tions. This I shall briefly do Avith resjiect to voluntary 
motion. 

2. In the History of Physiology, I have already 
related the progress of the researches by which the 
organs employed in voluntary motion became kftown to 
ani'tomists. It was ascertained to the satisfaction of all 
jihysiologists, that tlie immediate agents in such motion 
are the muscles ; that the muscles are in some way con- 
tracted, Avhen the nerves convey to them the agency of 
the Avill; and tliat thus the limbs are moA'ed. It Avas 
ascertained, also, that the nerves convoy sensations from 
the organs of sense iuAvards, so as to make these sensa- 
tions the object of the animal’s consciousness. In man 
and tlie higher animals, these, impressions upon the 
nerves are all conveyed to one internal organ, the brain ; 
and from this organ all impressions of the Avill appear to 
proceed ; and thus the brain is the centre of animal life, 
towards which sensations converge, and from which voli- 
tions diverge. 

But this being the qirocess, AA’e are led to inquire hoAV 
far Ave can obtain any knowledge, or form any conception 
of the vital forces by means of which the process is car- 
ried on. And here I have further stated in the History*, 
that the transfer of sensations and volitions along the 
nerves was often represented as consisting in the motion 
of a Nervous Fluid. I have related that the hypothesis of 
such a fluid, conveying its impressions eitjier by motions 
of translation or of vibration, was countenanced by many 
great imnies, as l^wton, Haller, and even C^uvier. But 
I have ventured to express my doubt whether this hypo- 
thesis can have much value : “ for,” I have said, “ this 
principle cannot be meo^nical, chemical, or physical, 
and therefore pannot be h^er understood by embodying 
* Hut. Tnd. Set., iii. 428. 
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it in a fluid. Tlie difficulty we have in conceiving what 
the force is, is not got rid of by explaining the machinery 
by which it is 

8. I may add, that no succeeding biological researches 
appear to have diminished the force of these considera- 
tions. In modem times, attempts have repeatedly been 
made td identify the nervous fluid with electricity or 
galvanism. But these attempts have not been satisfac- 
tory or conclusive of the truth of such an identity : and 
Professor Muller probably speaks the judgment of the 
most judicious physiologists, when he states it as his 
opinion, after examining the evidence*, “That the vital 
actions of the nerves are not attended with the deve- 
lopment of any galvanic currents which our instruments 
can detect ; and that the laws of action of the nervous 
principle are totally different from those of electricity.” 

That the powers by which the nerves are the instru- 
ments of sensation, and the muscles of motion, are vital 
endowments, incapable of being expressed or explained 
by any comparison with mechanical, chemical, and elec- 
trical forces, is the result which we should expect to find, 
judging from the whole analogy of science ; and which 
thus is confirmed by the history of physiology uj) to the 
present time. We naturally, then, turn to inquire 
whether such peculiar vital powers have been brought 
into view Avith any distinctness and clearness. 

4. The property by which muscles, under proiier sti- 
mulation, contract and produce motion, has been termed 
imtability or contractility; the property by which nerves 
are susceptible of their appropriate inmressions has been 
termed sensibility. A very few wordi^on each of these 
subjects must suflSce. 

Irritability . — I have, in the History of Physiologyf, 
noticed that Glisson, a Gamb og e professor, distinguished 
the irritation of muscles as a^eculiar j^roperty, different 

* Elem, Phy$., p. 640. .)• Hut. Ind. Set., iii. 427. 
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from any merely mechanical or physical action. I have 
mentioned, also, that he divides irritation into natural, 
vital, and animal ; and points out, though briefly, the 
graduated differences of irritability in different organs. 
Although these opinions did not at first attract much 
notice, about seventy years afterwards attention w'as 
powerfully called to this vital force, iiTitahilityt by Haller 
I shall borrow Sprengel's reflections on this subject. 

“ Hitherto men had been led to see more and more 
clearly that the cause of the bodily functions, the funda- 
mental power of the animal frame, is not to be sought in 
the mechanism, and still less in the mixture of the parts. 
In this conviction, they had had recourse partly to the 
quite supersensuous principle of the soul, partly to the 
half-material principle of the animal s})irits, in order to 
explain the bodily motions. Glisson alone saw the 
necessity of assuming an original power in the fibres, 
which, independent of the influence of the animal spirits, 
should produce contraction in them. And Gorter first 
held that this original power was not to be confined to 
the muscles, but to be extended to all parts of the living 
body. 

“ But as yet the laws of this power were not known, 
nor had men come to an understanding whether it were 
fully distinct from the elasticity of the parts, or by what 
causes it was put in action. They had neither instituted 
observations nor experiments which established its rela- 
tion to other assumed forces of the body. There was 
still wanting a determination of the peculiar seat of this 
power, and experiments to trace its gradual differences 
in different part3»of the body. In "Addition to other 
causes, the necessity of the assumption of such a power 
was felt the more, in consequence of the prevalence of 
Leibnitz’s doctrine of the activity of matter; but it 
was an occult qpality, anl^ remained so till Haller, by 



62 


PHILOSOPHY OP BIOLOGY. 


numerous experiments and solid observations, placed in 
a clear light the peculiarities of the powers of the animal 
body.” 

5. Perhaps, hoAvever, Haller did more in the way of 
6etennining expei’imentally the limits and details of the 
application of this idea of Irritability as a peculiar attri- 
bute, than in developing the idea itself. In this way his 
merits were gi’eat. As early as the year 1739, he pub- 
lished his opinion upon irritability as the cause of mus- 
cular motion, which he promulgated again in 1743. But 
from the year 1747 he was more attentive to the pecu- 
liarities of irritability, and its ditference from the effect of 
the nerves. In the first edition of his Ph/sioloffy, which 
appeared in 1747, ho distinguished three kinds of force 
in muscles, — the dead force, the innate force, and the 
nervous power. The first is identical with the clastic 
force of dead matter, and remains even after death. The 
innate force continues only a short time after death, and 
discloses itself especially by alternate oscillations; the 
motions which arise from this arc mucli more lively than 
those which arise from mere elasticity: they are not 
excited liy tension, nor by pressure, nor by any mecha- 
nical alteration, but only by irritation. The nervous 
force of the muscle is imparted to it from without by the 
nerves ; it preserves the irritability, which cannot long 
subsist without the influence of the nervous force, but is 
not identical wdth it. 

In the year 1752, Haller laid before the Society of 
Gottingen the result of one hundred and ninety experi- 
ments; from which it appears to what parts of the 
animal system irritability and nervmis power belong. 
These I need not enumerate. Ho also investijrated with 
care its gradations in those parts udiich do possess it. 
Thus the heart possesses it in the highest degree, and 
bther organs follow iii their order. 
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6. Haller’s doctrine was, that there resides in the 
muscles a peculiar vital power by which they contract^ 
and that this power is distinct from the attributes of the 
nerves. And this doctrine has been accepted by the 
best physiologists of modern times. But this distinction 
of the irritahility of the muscles from the sensibility of the 
nerves became somewhat clearer by giving to the former 
attribute the name of contractility. This accordingly 
was done ; it is, for example, the phraseology used by 
Bicliat. By speaking of animal sensibility and animal 
contractility, the passive and the active element of the 
processes of animal life are clearly separated and opposed 
to each other. The sensations which we feel, and the 
muscular action which we exert, may be closely and 
inseparably connected, yet still they are clearly distin- 
guishable. We can easily in our apprehension separate 
the titillation felt in^ the nose on taking snuff, from the 
action of the muscles in sneezing, or the percei)tion of 
an object falling towards the eye, from the exertion which 
shuts the eye-lid ; although in these cases the passive and 
active part of the process are almost or quite inseparable 
in fact. And this clear separation of the active from the 
passive power is something, it would seem, peculiar to 
the Animal Vital Powers; it is a character by which they 
differ, not only from mechanical, chemical, and all other 
merely physical forces, but even from Organic Vital 
Powers. 

7. But this difference between the Animal and the 
Organic Vital PoAvers requires to be further insisted upon, 
for it appeal’s to have been overlooked or denied by very 
eminent physiologists. For instance, Bichat classifies the 
Vital Powers as Animal Sensibility, Animal Contractility, 
Organic Sensibility, Organic Contractility. 

Now the view which suggests itself to us, in agree- 
ment with Avhat has been said, is this : — that though Ani- 
mal Sensibility and Animal Contractility are clearly and 
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certainly distinct, Organic Sensibility and Organic Contrac- 
tility are neither separable in fact nor in our conception, 
but together make up a single Vital Power. That they 
are not separable in fact is, indeed, acknowledged by 
ffichat himself. “The organic contractility,” he says* 
can never be separated from the sensibility of the same 
kind ; the reaction of the excreting tubes is immediately 
connected with the action which the secreted fluids exer- 
cise upon them : the contraction of the heart must neces- 
sarily succeed the influx of the blood into it.” It is not 
wonderful, therefore, that it should have happened, as he 
complains, that “ authors have by no means separated 
these two things, either in their consideration or in lan- 
guage.” We cannot avoid asking, Are Organic Sensibility 
and Organic Contractility really anything more than 
two diflerent aspects of the same thing, like action and 
reaction in mechanics, which are only two ways of con- 
sidering the action w'hich takes place at a point ; or like 
the positive and negative electricities, which, as we have 
seen, always co-exist and correspond to each other ? 

8. But we may observe, moreover, that Bichat, by his 
use of the term Contractility, includes in it powers to 
which it cannot with any propriety be applied. Why 
should we suppose that the vital powers of absorption, 
secretion, assimilation, are of such a nature that the name 
contractility may be employed to describe them? Wo 
have seen, in the last chapter, that the most careful study • 
of these powers leads us to conceive them in a manner 
altogether removed from any notion of contraction. Is 
it not then an abuse of language which cannot possibly 
lead to anything but confusion, to write thusf: “The 
insensible organic contractiility is that, by virtue of which 
the excreting tubes react upon their respective fluids, 
the secreting organs upon the blood which flows into 

t Ih. p. 95. 


* and Deaths p. 94. 
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them, the parts where nutrition is performed upon the 
nutritive juices, and the lymphatics upon the substances 
which excite their open extremities.” In the same man- 
ner lie ascribes* to the peculiar sensibility of each organ 
the peculiarity of its products and operations. . An 
increased absorption is produced by an increased suscep- 
tibility of the “ absorbent orifices.” And thus, in this 
view, each organic power may be contemplated either as 
sensibility or as contractility, and may be supposed to be 
rendered more intense by magnifying either of these its 
aspects; although, in fact, neither can be conceived to 
lie increased without an exactly commensurate increase 
of the other. 

9 . This o])inion, unfounded as it thus appears to be, 
that all the different organic vital powers are merely dif- 
ferent kinds of contractility or excitability, Avas connected 
with the doctrines of Brown and his followers, which 
Mere so celebrated in the last century, that all diseases 
arise from increase or from diminution of the vital force. 
The considerations which have already offered themselves 
Avould lead us to assent to the judgment which Cuvier 
has pronounced upon this system. “ The theory of exci- 
tation,” he says, “ so celebrated in these later times by its 
influence upon pathology and therapeutick, is at bottom 
only a modification of that, in which, including under a 
common name sensibility and irritability,” and we may 
add, applying this name to all^ the vital powers, “ the 
speculator takes refuge in an abstraction so wide, that if, 
by it, he simplifies medicine, he annihilates all positive 
physiologyf 

10. The separation of the nervous influence and the 
muscular irritability, although it has led to many highly 
instructive speculations, is not without its diflficulties, 

* Life and Deaths p. 90. 
t HhL des Sci. Nat. depute 1789, i. 219. 
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^hfeit viewed with reference to the Idea of Vital Power. 
If the irritability of each muscle reside in the muscle 
itself, how does it differ from a mere mechanical force, 
to elasticity? But, in point of fact, it is certain that the 
niuscular irritability of the animal body is not an attribute 
of the muscle itself independent of its connexion 'with 
the system. No muscle, or other part, removed from 
the body, long preserves its irritability. This power cannot 
subsist permanently, except in connexion with an organic 
whole. This condition peculiarly constitutes irritability 
a living force : and this condition would be satisfied by 
considering the force as deilved from the nervous system ; 
but it appears that though the nervous system has the 
most important influence upon all vital actions, the 
muscular irritability must needs be considered as some- 
thing distinct. And thus the Irritability or Contractility 
of the muscle is a peculiar endou ment of the texture, but 
it is at the same time an endowment which can only co- 
exist with life ; it is, in short, a peculiar Vital Power. 

11. This necessity of the union of the muscle with 
the whole nervous system, in order that it may possess 
irritability, was the meaning of the true part of Stahl’s 
psychical docti ine ; and the reason why he and his adher- 
ents persisted in asserting the power of the soul even 
over involuntary motions. This doctrine was the source 
of much controversy in later times. 

“ But,” says Cuvier#, “ this opposition of opinion 
may be reconciled by the intimate union of the nervous 
substance with the fibre and the other contractile organic 
elements, and by their reciprocal action ; — doctrines 
which had been presented with so much probability by 
physiologists of the Scotch school, but which were ele- 
vated above the rank of hypotheses only by the observa- 
tions of more recent times. 

• Hitt, det Sci. Nat. dejniit 1789, i. 213, 
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“ The fibre does not contract by itself, but by the 
influence of the nervous filaments, which are always 
united with it. The change which produces the con- 
traction cannot take place without the concurrence of 
both these substances ; and it is further necessary that it 
should be occasioned each time by an exterior cause, by 
a stimulant. 

“ The will is one of these stimulants ; but it only 
excites the irritability, it does not constitute it ; for In 
the case of persons paralytic from apoplexy, the irritabi- 
lity remains, though the power of the will over it is gone. 
Thus irritahility depends in part on the nerve, but not on 
the sensibility : this last is another property, still more 
admirable and occult than the irritability; but it is only 
one among several functions of the nervous system. It 
would be an abuse of words to extend this denomination 
to functions unaccompanied by perception.” 

12. Supposing, then, that Contractility is established 
as a peculiar Vital Power residing in the muscles, we may 
ask whether we can trace Avith any further exactness the 
seat and nature of this power. It would be unsuitable 
to the nature of the present work to dwell upon the 
anatomical discussions bearing u})on this point. I will 
only remark that some anatomists maintain* that mus- 
cles are contracted by those fibres assuming a zigzag form, 
which at first wore straight. Others (Professor Owen 
and Dr. A. I'liompson,) doubt the accuracy of this obser- 
vation ; and conceive that the muscular fibre becomes 
shorter and thicker, but does not deviate from a right line. 
We may remark that the latter kind of action appears 
to be more elementary in its nature. We can conceive 
a straight line thrown into a zigzag shape by muscular 
contractions taking place between remote parts of it ; 
hut it is difficult to conceive by what elementary ttiode of 

F 2 
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88 PHILOSOBHY OF BKM.OOy. 

Action a straight fibre could bend itself at certain points, 
and at certain points only; since the elementary force 
must act at every point of the fibre, and not at certain 
selected points. 

13. A circumstance which remarkably marks the 
difference between the vital force of contractility, inhe- 
rent in muscles, and any merely dead or mechanical force, 
is this ; that in assuming their contractile state, muscles 
exert a tension which they could not themselves support 
or convey if not strengthened by their vital irritability. 
They are capable of raising weights by their exertion, 
which will tear them asunder when the power of con- 
traction is lost by death. This has induced Cuvier and 
other physiologists* to believe “that in the moment of 
action, the particles that compose a fibre, not only aj)- 
proach towards each other longitudinally, but that their 
cohesive attraction becomes instantaneously much greater 
than it was before : for without such an increase of 
cohesive force, the tendency to shorten could not, as it 
would appear, prevent the fibre from being torn.” We 
see here the difficulty, or rather the impossibility, of con- 
ceiving muscular contractility as a mere mechanical force ; 
and perhaps there is little hope of any advantage by call- 
ing in the aid of chemical hypothesis to solve the mecha- 
nical difficulty. Cuvier conjectures that a sudden change 
in the chemical composition may thus so quickly and 
powerfully augment the cohesion. But we may ask, are 
not a chemical synthesis and analysis, suddenly performed 
by a mere act of the will, as difficult to conceive as a 
sudden increase and decrease of mechanical power directly 
produced by the same cause ? 

15. Sensibility. The nerves are the organs and chan- 
nels pf sensibility. By means of them we receive our 
sensations, whether of mere pleasure and pain, dr of qua- 

* Prichard, Vital Pnn., p. 126 . 
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lities which w© ascribe to external objects, as a bitter 
taste, a sweet odour, a shrill sound, a red colour, a hard 
or a hot object of touch. Some of these sensations are 
but obscurely the objects of our consciousness; as for 
exaujple the feeling which our feet have of the ground, 
or the sight which our eyes have of neighbouring objects, 
when we walk in a reverie. In these cases the sensa- 
tions, though obscure, exist ; for they serve to balance and 
guide us as we walk. In other cases, our sensations are 
distinctly and directly the objects of our attention. 

But our sensations, as we have already said, we ascribe 
as qualities to external objects. By our senses we perceive 
objects, and thus our sensations hocoroQ pe^xeptions. We 
have not only the sensation of round, purple, and green, 
repeated and varied, but the perception of a bunch of 
grapes partly ripe and partly unripe. We have not only 
sensations of noise and of variously-coloured specks ra- 
pidly changing their places, but we have perceptions, by 
sound and sight, of a stone rolling down the hill and 
crushing the shrubs in its path. Wo scarcely over dwell 
upon our sensations; our thoughts are employed upon 
objects. We regard the impressions upon our nerves, 
not for what they are, but for what they teU us. 

But in what language is it that the impressions upon 
the nerves thus speak to us of an external world, of the 
forms and qualities and actions of objects ? How is it 
that by the aid of our nervous system we become ac- 
quainted not only with impressions but with things ; that 
we learn not only the relation of objects to us, but to 
one another? . 

16. It has been shown at some length in the previous 
Books, that the mode in which sensations are connected 
in our minds so as to convey to us the knowle^e of 
objedts and their relations, is by being contemplated with 
reference to Ideas. Our sensations, connected by the 
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Idea of Space, become figures ; connected by the Idea of 
Time, they become causes and effects ; connected by the 
Idea of Resemblance, they become individuals and kinds ; 
connected by the Idea of Organization, they become 
living things. It has been shown that without these 
Ideas there can be no connexion among our sensations, 
and therefore no perception of Figure, Action, Kind, or 
in short of bodies under any aspect whatever. Sensations 
are the tmAq Maitet of our perceptions; and are nothing, 
except so far as they have Form given them by Ideas. 
But thus moulded by our Ideas, sensation becomes the 
source of an endless store of important knowledge of 
every possible kind. 

17. But one of the most obvious uses of our percep- 
tions and our knowledge is to direct our actions. It is 
suitable to the condition of oiir being that when we ])er- 
ceive a bunch of grapes, we should be able to j)luck and 
eat the ripe ones; that when we ])erceive a Stone rushing 
down the side of a hill, we should be able to move so as to 
avoid it. And this must be done by moving our limbs; 
in short, by the use of our muscles. And thus sensation 
leads, not directly, but through the medium of Ideas, to 
muscular contraction. I say that sensation and muscular 
action are in such cases connected through the medium 
of Ideas. For when we proceed to pluck the grape 
which we see, the sensatmi does not determine the 
motion of the hand by any necessary geometrical or 
mechanical conditions, as an impression made upon a 
machine determines its motions ; but the perception leads 
us to stretch forth the hand to that jiart of space, where- 
ever.it is, where we know tliat the grape is, and this, not in 
any determinate path, but, it may be, avoiding or removing 
intervening obstacles, which we perceive. There is in 
evpry such case a connexion between the sensation and 
the resulting action, not of a material but of a mental 
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kind. The cause and the effect are bound together, not 
by physical but by intellectual ties. 

18. And thus in such cases, between the two vital 
operations, sensation and muscular action, there inter- 
venes, as an intermediate step, jiercejition or knowledge, 
which is not merely vital but ideal. But this is not all ; 
there is still another mental part of the process which may 
l)e readily distinguished from that which we have de- 
scribed. An act of the will, a volition, is that in the mind 
which immediately determines the action of the muscles 
of the body. And thus Will intervenes between Know- 
ledge and Action ; and the cycle of operations which take 
l)lacc when animals act with reference to external objects 
is tlii.s: — Sensation, Perception, Volition, Muscular Con- 
traction. 

19. To attempt further to analyse the mental part of 
this cycle docs not belong to the present part of our 
work. Buff we may remark here, as W’e have already 
remarked in the History*, how irresistibly we are led 
by physiological researches into the domain of thought 
and mind. W e pass from the body to the soul, from 
])hysic8 to metaphysics ; . from biology to psychology ; 
from things to persons ; from nouns to pronouns. I have 
there noticed the manner in which Cuvier expresses this 
transition by the introduction of the pronoun: “The 
impression of external objects upon the me, the prodjic- 
tion of a sensation, of an image, is a mystery impene- 
trable to our thoughts.” 

20. But to return to the merely biological part of 
our speculations. We have arrived, it will be perceived, 
at this result : that in animal actions there intervenes 
between the two terms of Sensation and Muscular Cpn- 
traction, an intermediate process ; Avhich may be described 
as a communication to and fi’om a centre. This dejjti^ is 

* Hitt. Ini, Sei; iii., 430. 
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the seat of the sentient and volent faculties, and is of a 
hyperphysical nature. But the existence of such a centre 
as a necessary element in the functions of the animal life 
is a truth which is important in biology. This indeed may 
be take* as the peculiar character of animal, as distin- 
guished from merely organic powers. Accordingly it is 
so stated by Bichat. For although he superfluously, as it 
would seem, introduces into his list of vital powers an 
organic sensibility, he still draws the distinction of which 
I have spoken ; “ in tlie animal life, sensibility is the 
faculty of receiving an impression plus that of referring it 
to a common centre*.” 

21. But since Sensibility and Contractility are thus 
connected by reference to a common Centre, we may ask, 
* before quitting the subject, what are tlie different forms 
which this reference assumes. Is the connexion always 
attended by the distinct steps of knowledge and will, — by 
a clear act of consciousness, as in the cash ■which we 
have taken, of plucking a grape ; or may these steps 
become obscure, or vanish altogether? 

We need not further illustrate the former connexion. 
Such actions as we have described are called voluntary 
actions. In extreme cases, the mental part of the process 
is obvious enough. But we may gradually pass from 
these to cases in which the mental operation is more and 
in«re obscure. 

In walking, in speaking, in eating, in breathing, our 
muscular exertions are directed by our sensations and 
percdJ)tions : yet in such processes, how dimly are we 
conscious of perceptive and directive power ! How the 
mind should be able to exercise such a power, and yet 
should be scarcely or not at all conscious of its exercise, 
is a very curious problem. But in all or in most of the 
above instances, the solution of this problem appe^ to 

^ Life and Deaths p. 8i 
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depend upon psychological rather than biological prin- 
ciples, and therefore does not belong to this place. 

22. But in cases at the other extreme, the mental 
part of the operation vanishes altogether. In many 
animals, even after decapitation, the limbs shriifk when 
irritated. The motions of the iris are determined by the 
influence of light on our eyes, without our being aware 
of the motions. Here sensations produce motions, but 
with no trace of intervening perception or w’ill. The 
sensation appears to be rejected back from the central 
element of animal life, in the form of a muscular contrac- 
tion ; but in this case the sensation is not modified or 
regulated by any idea. These reflected motions have no 
reference to relations of space or force among surround- 
ing objects. They are blind and involuntary, like the 
movements of convulsion, depending for direction and 
amount only on the position and circumstances of the 
limb itself with its muscles. Here the Centre from which 
the reflection takes place is merely animal, not irttellec- 
tiial. 

In this case some physiologists have doubted whether 
the reflection of the sensation in the fonn of a muscular 
contraction does really take place from the Centre ; and 
have conceived that sensorial impressions might affect 
motor nerves without any communication with the nerv- 
ous Centre. But on this subject we may, I conceive, 
with safety adopt the decision of Professor Muller, deli- 
berately given after a careful examination of the subject. 
“ When impressions made by the action of external stimuli 
on sensitive nerves give rise to motions in other parts, 
these motions are never the result of the direct reaction 
of the sensitive and motor fibres of the nervei| on each 
other ; the irritation is conveyed by the sensitive fibres 
to the brain and spinal cord, and is by these communi- 
cated to the motor fibres.” 
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23. Thus we have two extreme cases of the connexion 
of sensation with muscular action; in one of M'hich the 
connexion clearly is, and in the other it as clearly is not, 
determined by relations of Ideas, in its transit through 
the necyous Centre. There is another highly curious case, 
standing intermediate between these two, and extremely 
difficult to refer to either. I speak of the case of In- 
stinct. 

Instinct leads to actions which are suck as if they 
toere determined by Ideas. The lamb follows its mother 
by instinct; but the nmtions by which it does this, the 
special muscular exertions, depend entirely upon the 
geometrical and mechanical relations of external bodies, 
as the form of the ground, and the force of the wind. 
The contractions of the muscles which are requisite in 
order that the creature may obey its instinct, vary with 
every variation of tliese external conditions; — are nut 
determined by anji rule or necessity, but by properties of 
space tand force. Thus the action is not governed by 
sensations directly, but by sensations moulded by ideas. 
And the same is the case Avith other cases of instinct. 
The dog hunts by instinct; but he hunts certain kinds of 
animals merely, thus showing that his instinct acts ac- 
cording to resemblances and dilferences ; he crosses the 
field repeatedly to find the track of his prey by scent; 
thus recognising the relations of space with reference to 
the track; he leaps, adjusting his force to the distance 
and height of the leap with mechanical precision ; and 
thu^ he practically recognises the Ideas of Resemblance, 
-Space, and Force. 

But have animals such Ideas ? In any proper sense 
in which we can speak of possessing Ideas, it ajjpears 
plain that they have not. Animals cannot, at any time, 
be said properly to possess ideas, for ideas imply the 
‘ possibility of specidaiive knowledge. 
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24. But if we allow to animals the practical posses- 
sion of ideas, we have still a great difficulty remaining. 
In the case of man, his ideas are unfolded gradually by 
l)is intercourse witlj the external world. The child learns 
to distinguish forms and jJositions by a repeated and 
incessant use of his hands and eyes ; he learns to vvalkj 
to run, to leap, by slow and laborious degrees ; he dis- 
tinguishes one man from another, and one animal from 
another, only after repeated mistakes. Nor can we con- 
ceive this to be otherwise. How should the child know 
at once what imiseles he is to exert in order to touch 
with Ins liand a certain visible object ? Ilow should he 
know what muscles to exert that he may stand and not 
fall, till he has tried often ? How should ho learn to 
direct his attention to the differences of different faces 
and persons, till he is roused by some memory, or hope 
which imjilies memory ? It seems to us as if the sensa- 
tions could not, without considerable i)ractice, be rightly 
referred to Ideas of Space, Force, Resemblance, and the 
like. 

Yet that which thus appears impossible, is in fact 
done by animals. The lamb almost immediately after its 
birth follows its mother, accommodating the actions of its 
nuiscles to the form of the ground. The chick, just 
escaped from the shell, picks up a minute insect, directing 
its beak with the greatest accuracy. Even the human 
infant seeks the breast and exerts its muscles in sucking, 
almost as soon as it is born. Hence, then, we ; see that 
Instinct produces at once actions regulated by Ideas, or, 
at least, which take place as if they wore regulated by 
Ideas; although the Ideas cannot have been developed 
by exercise, and only appear to exist so far as such 
actions are concerned. 

26. The term Instinct may properly be opposed to In- 
>iiffht. The former implies an inward principle of action, 
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implanted within a creature and practically impelling it, 
but not capable of being, developed into a subject of con- 
templation. While the instinctive actions of animals are 
directed by such a principle, the deliberate actions of man 
are governed by insight : he can contemplate the ideal 
relations on which the result of liis action depends. He 
chn in his mind map the jiath he will follow, and esti- 
mate the force he will exert, and class the objects he 
has to deal with, and determine his actions by the rela- 
tions which he thus has present to his mind. He thus 
possesses Ideas not only practically, but speculatively. 
And knowing that the Ideas by which he commonly di- 
rects his actions. Space, Cause, Resemblance, and the like, 
have been developed to that degree of clearness in which 
he possesses them by the assiduous exercise of the se^es 
and the mind from the earliest stage of infancy, and that 
these Ideas are capable of being still further unfolded 
into long trains of speculative truth, he is unable to con- 
ceive the manner in which animals pos.sess such Ideas as 
their instinctive actions disclose:— Ideas whiph neither 
require to be unfolded nor admit of unfolding ; which 
are adequate for practical purposes without any previous 
exercise, and inadequate for speculative purposes with 
whatever labour cultivated. 

I have ventured to make these few remarks on In- 
stinct since it may, perhaps, justly be considered as the 
last province of Biology, where we reach the boundary 
line of Psychology. 1 have now, before quitting this 
subject, only one other principle to speak of. 


Chapter VI. 

OF THE IDEA OF FINAL CAUSES. 

1. By an examination of those notions which enter 
into all our reasonings and judgments on living things, it 
appeared that wc conceive animal life as a vortex or cycle 
of moving matter in which the form of the vortex deter- 
mines ‘the motions, and these motions again support the 
form of the vortex : the stationary parts circulate the 
fluids, and the fluids nourish the permanent parts. Each 
portion ministers to the others, each depends upon the 
other. The parts make up the whole, hut the existence 
ofijjie whole is essential to the preservation of the parts. 
But parts existing under such conditions are organSt and 
the whole is mganized. This is the fundamental concep- 
tion of organization. “Organized heings,” says the physio- 
logist*, “are composed of a number of essential and 
mutually dependent parts.” “ An organized product of 
nature,” says the great metaphysician f , “ is that in which 
all the parts are mutually ends and means.” 

2. It will he observed that we do not content our- 
selves with saying that in such a whole, all the parts are 
mutmllg dependent. This might he true even of a me- 
chanical structure ; it would be easy to imagine a frame- 
work in which each part should be necessary to the 
support of each of the others ; for example, an arch of 
several stones. But in such a structure the parts have 
no properties which they derive from the whole. They 
are beams or stones when separate ; they are no more 
when joined. But the same is not the case in an 
organized whole. The limb of an animal separated from 

* MiiLLER, Elem,^ p. 18. 
t Kant, Urtheibkrafty p. 296. 
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the body, loses the properties of a limb and soon ceases 
to retain even its form. 

0. Nor do we content ourselves with saying that the 
parts are mtilmlly causes and effects. * This is the case 
in machinery. In a clock, the pendulum by means of 
the escapement causes the descent of the weight, the 
weight by the same escapement keeps up the motion of 
the pendulum. But things of this kind may happen by 
accident. Stones slide from a rock down the side of a 
hill and cause it to be smooth ; the smoothness of the 
slope causes stones still to slide. Yet no one would call 
such a slide an organized system. The system is organ- 
ized, when the effects which take ])lace among tlie parts 
are essential to our co7iception of the whole ; when Bie 
whole would not be a whole, nor the parts, parts, cx">t 
these effects were jwoduced ; when the effects not only 
happen in fact, but are included in the idea of the object ; 
when they are not only seen, but foreseen ; not only ex- 
pected, but intended : in short v hen, instead of being 
causes and effects, they arc ends and means, as they are 
tenned in the above definition. 

Thus w'e neccs.sarily include, in our Idea of Organi- 
zation, the notion of an end, a purpose, a design ; or, to 
use anotlier phrase M'hich has been peculiarly ajipro- 
priated in this case, a Final Cause. This idea of a Final 
Cause is an essential condition in order to the pursuing 
our researches respecting organized bodies. 

4. This Idea of Final Cause is not deduced from the 
phenomena by reasoning, but is assumed as the only con- 
dition under which we can reason on such subjects at all. 
We do not deduce the Idea of Space, or Time, or effi- 
cient Cause from the phenomena about us, but necessarily 
look at phenomena as subordinate to these Ideas from 
the beginning of our reasoning. It is true, our ideas of 
relations of Space, and Time, Bnd Force may become 



IDEA OF FINAL CAUSES. 


79 


much more clear by our familiarizing ourselves with par- 
ticular phenomena: but still, the Fundamental Ideas are 
not generated but unfolded; not extracted from the 

external world, but evolved from the world U'ithin. In 

* 

like manner, in the contemplation of organic structures, 
we consider each part as subservient to some use, and we 
cannot study the structure as organic without such a 
conception. This notion of adaptation, — this Idea of an 
End,— may become much more clear and impressive by 
seeing it exemplified in particular cases. But still, 
though suggested and evoked by special cases, it is not 
furnished by them. If it be not supplied by the mind 
itself, it can never bo logically deduced from the pheno- 
mena. It is not a portion of the facts which we study, 
b^^t is a principle which connects, includes, and renders 
them intelligible; as our other Fundamental Ideas do 
the classes of facts to M’hich they respectively apply. 

5. This has already been confirmed by reference to 
fact; in the History of Physiology, I have shown that those 
who studied the structure of animals were irresistibly led 
to the conviction that the parts of this structure have 
each its end or purpose ; — that each member and organ 
not merely produces a certain effect or answers a certain 
use, but is so framed as to impress us with the persuasion 
that it was constructed /"or that use : — that it was intended 
to produce the effect. It was there seen that this per- 
suasion was repeatedly expressed in the most emphatic 
manner by Galen ; — that it directed the researches and 
led to the discoveries of Harvey; — that it has alw^ays 
been dwelt upon as a favourite contemplation, and fol- 
lowed as a certain guide, by the best anatomists ; — and 
that it is inculcated by the physiologists of the profoundest 
views and most extensive knowdedge of our own time. 
All these persons have deemed it a most certain and im- 
portant principle of physiology, that in every organized 
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structure, plant or animal, each intelligible part has its 
allotted office : — each organ is designed for its appropriate 
function: — that nature, in these cases, produces nothing 
in vain : that, in short, each portion of the whole arrange- 
ment has its final came ; an end to which it is adapted, 
and in this end, the reason that it is where and what 
it is. 

6. This Notion of Design in organized bodies must, I 
say, be supplied by the student of organization out of 
his own mind : a truth M'hich will become clearer if 
we attend to the most conspicuous and acknowledged 
instances of design. The structure of the eye, in which 
the parts are curiously adjusted so as to produce a distinct 
image on the retina, as in an optical instrument; — the 
trochlear muscle of the eye, in -which the tendon pi®hs 
round a support and turns back, like a rope round a 
pulley; — the prospective contrivances for the preservation 
of animals, provided long before they are wanted, as the 
milk of the mother, the teetli of the child, the eyes and 
lungs of the foetus : — these arrangements, and innumer- 
able others, call up in us a persuasion that Design has 
entered into the plan of animal form and progress. And 
if we bring in our minds this conception of Design, nothing 
can more fully square with and fit it, than such instances 
as these. ^ But if m'c did not already possess the Idea of 
Design ; — if we had not had our notion of mechanical 
contrivance awakened by inspection of optical instruments, 
or pulleys, or in some other way ; — if we had never been 
conscious ourselves of providing for the future ; — if this 
were the case, we could not recognise contrivance and 
prospectiveness in such instances as we have referred to. 
The facts are, indeed, admirably in accordance with these 
conceptions, when the two are brought together : but the 
fiacts and the conceptions come together from different 
quarters — from without and from within. 
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7. We may further illustrate this poittt by referring 
to the relations of travellers who tell us that when con- 
summate examples of human mechanical contrivance 
have been .set before savages, they have appeared inca- 
pable of apprehending them as proofs of design. This 
shows that in such cases the Idea of Design had not 
been developed in the minds of the people who were 
thus unintelligent : but it no more proves that such an 
idea does not naturally and necessarily arise, in the pro- 
gress of men’s minds, than the confused manner in 
which the same savages apprehend the relations of space, 
or number, or cause, proves that these ideas do not 
naturally belong to their intellects. All men have these 
ideas ; and it is because they cannot help referring their 
se#ations to such ideas, that they apprehend the world 
as existing in time and space, and as a series of causes 
and effects. It would be very erroneous to sa^ that the 
belief of such truths is obtained by logical reasoning 
from facts. And in like manner we cannot logically 
deduce design from the contemplation of organic struc- 
tures; although it is impossible for us, when the facts 
are clearly before us, not to find a reference to design 
operating in our minds. 

8. Again ; the evidence of the doctrine of ,Final 
Causes as a fundamental principle of Biology may be 
obscured and weakened in some minds by the constant 
habit of viewing this doctrine with suspicion as unphi- 
losophical and at variance with morphology. By che- 
rishing such views it is probable that many persons, 
physiologists and others, have gradually brought them- 
selves to suppose that many or most of the arrange- 
ments wliich are familiarly adduced as instances of design 
Biay be accounted for, or explained away ; — ^that there k 
a certain degree of prejudice and narrowness of compre- 
hension in that lively admiration of the adaptation of 

VOL. n. G 
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moans to On^s which common minds derive from the 
spectaele of orgpanic arrangements. And yet, even in 
persons accustomed to these views, the strong and natu- 
ral influence of the Idea of a Final Cause, the spon- 
taneous recognition of the relation of means to an end 
as the assumption which makes organic arrangements 
intelligible, breaks forth when we bring before them a 
new case, with regard to which their genuine convictions 
have not yet been modified by their intellectual habits. 
I will offer, as an example which may serve to illustrate 
this, the discoveries recently made with regard to the 
process of suckling of the kangaroo. In the case of this, 
as of other pouched animals, the young animal is re- 
moved, while very small and imperfectly formed, from 
the womb to the pouch, in which the teats are, and is 
there placed with its lips against one of the nipples. But 
the young animal taken altogether is not so large as 
the nipple, and is therefore incapable of sucking after 
the manner of common mammals. Here is a difficulty: 
how is it overcome ? — By an appropriate CQntrimnce : the 
nipple, which in common mammals is not furnished witli 
any muscle, is in the kangaroo provided with a powerful 
extrusory muscle by whifh the mother can inject the 
milk into the mouth of jier offspring. And again ; in 
order to give attachment to this muscle there is a bone 
which is not found in animals of other kinds. But this 
mode of solving the problem of suckling so small a 
creature introduces anotlier difficulty. Jf the milk is 
injected into the mouth of the young one, without any 
action of its own jfiuscles, what is to prevent the fluid 
entering the windpipe and producing suffocation ? How 
is this danger avoided? — ^By another appropriate cm- 
Mvance : there is a funnel in the hack of the throat by 
which the air passage is completely separated from the 
passage for nutriment, and the injected milk passes in a 
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divided stream on each side of the larynx to the obso-* 
phagus*. And as if to show that this apparatus is really 
formed with a view to the wants of the young one, the 
structure alters in the course of the animal’s growth ; and 
the funnel, no longer needed, is modified and disappears. 

With regard to this and similar examples, the remark 
which I would urge is this; — that no one, however pre-. 
judiced or un philosophical he may in general deem the 
reference to Final Causes, can, at the first impression, 
help regarding this curious system of arrangement as 
the means to an end. So contemplated, it becomes 
significant, intelligible, admirable : without such a prin- 
ciple, it is an unmeaning complexity, a collection of con- 
tradictions, producing an almost impossible result by a 
portentous’ conflict of chances. The parWiof this appara- 
tus cannot have produced one another; one part is in 
the mother ; another part in the young one ; without 
their harmony they could not be effective ; but nothing 
except design can operate to make them harmonious. 
They are in^nded to work together ; and we cannot resist 
the convicCion tif this intention when the facts first come 
liefore us. Perhaps there may hereafter be physiolo- 
gists who, tracing the gradual development of the parts 
of which we have spoken, and the analogies which con- 
nect them with the structures of other animals, may think 
that this development, these analogies, account for the 
conformation we have described ; and may hence think 
lightly of the' explanation derived from the reference 
to Final Causes. Yet surely it is clear, on a calm con- 
sideration of the subject, that the latter explanation is 
not disturbed • by the former ; and that the observer’s 
first impression, that this is “an irrefragable evidence 
of creative foresight f ,” can never be obliterated ; how- 

Mr. Owsaf, in Phd, Tram., 1834, p. 348. ^ t Ib. p. 349. 
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ever much it may be obscured in the minds of those 
who confuse this view by mixing it with others which 
are utterly heterogeneous to it, and therefore cannot be 
contradictory. 

9. I have elsewhere* remarked how physiologists, 
who thus look with suspicion and dislike upon the 
introduction of Final Causes into physiology, have still 
been unable to exclude from their speculations causes 
of this kind. Thus Cabauis saysf, “I regard with 
the great Bacon, the philosophy of Final Causes as 
sterile ; but I have elsewhere acknowledged that it was 
very difficult for the most cautious man never to have 
recourse to them in his explanations.” Accordingly, he 
says, The partisans of Final Causes nowhere find argu- 
ments so strotf^ in favour of their way of looking at 
nature as in the laws which preside and the circumstances 
of all kinds which concur in the reproduction of living 
races. In no case do the means employed appear so 
clearly relative to the end.” And it would be easy to find 
similar acknowledgments, express or virtual, in other wri- 
ters of the same kind. Thus Bichat, after noting the dif- 
ference between the organic sensibility by which the organs 
are made to perform their offices, and the animal sensi- 
bility of which the nervous centre is the seat, says^, “No 
• doubt it will be asked, why " — that is, as we shall see, for 
what end — “ the organs of internal life have received from 
nature an inferior degree of sensibility only, and why 
they do not transmit to the brain the impressions which 
they receive, while all the acts of the animal life imply 
this transmission ? The reason is simply this, that all the 
phenomena which establish our connexions with surround- 
ing objects ought to be, and are in fact, under the influence 

* Bridgewater Treathe, p. 352. 
t Baj^rts de Phynqm et du Moral, i. 299. 

* Life and Death, (trans.) p. 32. 
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of the will ; while all those which serve for the purpose 
of assimilation only, escape, and ought indeed to escape, 
such influeface.” Tlie reason here assigned is the Final 
Cause; which, as Bichat justly says, we cannot help 
asking for. 

10. Again ; I may quote from the writer last men- 
tioned another remark, which shows that in the organical 
sciences, and in them alone, the Idea of forces as Means 
acting to an End, is inevitably assumed and acknowledged 
as of supreme authority. In Biology alone, observes 
Bichat*, have we to contemplate the state of disease. 
“ Physiology is to the movements of living bodies, what 
astronomy, dynamics, hydraulics, &c., are to those of 
inert matter : but these latter sciences have no branches 
which correspond to them as pathology corresponds to 
physiology. For the same reason all notion of a medica- 
ment is repugnant to the physical sciences. A medica- 
ment has for its object to bring the properties of the 
system back to their natural type ; but the physical pro- 
perties never depart from this type, and have no need to 
be brought back to it : and thus there is nothing in the 
physical sciences which holds the place of therapeutick in 
physiology.” Or, as we might express it otherwise, of inert 
forces we have no conception of what they ought to do, 
except what they do. The forces of gravity, elasticity, 
affinity, never act in a diseased manner ; we never con- 
ceive them as failing in their purpose; for we do not 
conceive them as having any purpose which is answered by 
one mode of their action rather than another. But with 
organical forces the case is different ; they are necessarily 
conceived as acting for the preservation and develop- 
ment of the system in which they reside. If they do not 
do this, they fail, they are deranged, diseased. They 
have for tiieir object to conform- the living being to a 
* Anatmie Generate, \. liij. 
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certain type; and if they cause or allow it to deviate from 
this type, their action is distorted, morbid, contrary to the 
ends of nature. And thus this conception of organized 
beings as susceptible of disease, implies the recognition of 
a state of health, and of the organs ’and the vital forces as 
means for preserving this normal condition. The state of 
health and of perpetual development is necessarily con- 
templated as the Final Cause of the processes and powers 
with which the different parts of plants and animals are 
endowed. 

11. This Idea of a Final Cause is applicable as a fun- 

damental and regulative idea to our 8])eculation8 concern- 
ing organized creatures only. That there is a purpose in 
many other parts of th^ creation, we find abundant reason 
to believe from the arrangements and laws which prevail 
around us. But this persuasion is not to be allowed to 
regulate and direct our reasonings with regard to inor- 
ganic matter, of which conception the relation of means 
and end forms no essential part. In mere Physics, Final 
Causes, as Bacon has observed, are not to be admitted as 
a principle of reasoning. But in the organical sciences, 
the assumption of design and purpose in every part of 
every whole, that is, the pervading idea of Final Cause, 
is the basis of sound reasoning and the source of true 
doctrine. * 

12. The Idea of Final Cause, of end, purpose, design, 
intention, is altogether different from the Idea of Cause, 
as efficient cause, which we formerly had to consider ; and 
on this account the use of the word Catme in this phrase 
has been objected to. If the idea be clearly entertained 
and steadily applied, the word is a question of subordinate 
importance. The term Final Cause has been long fami- 
liarly used, and appears not likely to lead to confusion. 

18. The consideration of Final Causes, both in phy- 
siology and in other subjects, has at all times attracted 
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much attention, in consequence of its bearing upon the 
belief of an Intelligent Author of the Universe. I dp 
not intend, in this place, to pursue the, subject far in this 
view: but there is one antithesis of Opinion, already 
noticed in the History o^hysiology, on which I will again 
make a few remarks*. 

It has appeared to some persons that the mere aspect 
of order and symmetry in the works of nature— the 
contemplation of comprehensive and consistent law— is 
sufficient to lead us to the conception of a design 
and intelligence producing the order aiid carrying into 
effect the law. Without here attempting to decide 
whether this is true, we may discern, after what has 
been said, that tlie conception of design, arrived at in 
this manner, is altogether different from that idea of 
design which is suggested to us by organized bodies, 
and which we describe as the doctrine of Filial Causes. 
The regular form of a crystal, whatefer beautiful syra-» 
inetry it may exhibit, whatever general laws it mdy 
exemplify, does not prove design in the same manner in 
which design is proved by the provisions for the preser- 
vation and growth of the seeds of plants, and of the yoting 
of animals. The law of universal gravitation, however' 
wide and simple, does not impress us with the belief of 
a purpose, as does that propensity by which the two sexes 
of each animal are brought together. If it could be shown 
that the symmetiical structure of a flower results from 
laws of the same kind as those which determine the regu* 
lar forms of ciystals, or the motions of thp planets, the 
discovery might be very striking and important, but it 
would not at all come under our idea of Final Cause. . 

14. Accordingly, there have been, in modern times, 
two different schools of physiologists, the one proceeding 

• HUt. hid. Bei., b. xvii., chap. 8. On the Boctttae of Final 
^^au»s ia physiology. 
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upon the idea of Final Causes, the other school seeking 
in the realm of organized bodies wide laws and analogies 
from which that idea is excluded. All the great biolo- 
gists of preceding times, and some of the greatest of 
modem times, have belonged to the former school ; and 
especially Cuvier, who may be considered as the head of 
it. It was solely by the assiduous application of this 
principle of Pinal Cause, as he himself constantly declared, 
that he was enabled to make the discoveries which have 
rendered his name so illustrious, and which contain a far 
larger portion of important anatomical and biological 
truth than it ever before fell to the lot of one man to 
contribute to the science. 

15. The opinions which have been put in opposition 
to the principle of Final Causes have, for the most part, 
been stated vaguely and ambiguously. Among the most 
definite of such principles, is that which, in the History 
of the subject, I have termed the Principle of metamor- 
phosed and developed Symmetry, upon which has been 
founded the science of Morphology. 

The reality and importance of this principle are not 
to be denied by us : we have shown how they are proved 
by its application in various sciences, and especially in 
botany. But those advocates of this principle who have 
placed it in antithesis to the doctrine of Final Causes, 
have by this means done far more injustice to their own 
favourite doctrine than damage to the one whidi they 
opposed. < The adaptation of the bones of the skeleton to 
the muscles, tithe provision of fulorums, projecting pro- 
cesses, channels, so that the motions and forces shall 
be such as the needs of life require, cannot posably 
become less striking and convincing, from any discovery 
pf general analogies of one animal frame with another, 
or of laws cQimecting the deyelopment of different parts. 
Whenever such laws are discovered, we can only consider 
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them as the means of producing that adaptation which 
we so much admire. Our conviction that the Artist 
works intelligently, is not destroyed, though it may be 
modified ^nd transferred, when we obtain a sight of his 
tools. Our discovery of laws cannot contradict our per- 
suasion of ends; our Morphology cannot prejudice our 
Teleology. 

16. The irresistible and constant apprehension of a 
purpose in the forms and functions of animals has intro- 
duced into the writings of speculators on these subjects 
various forms of expression, more or less precise, more or 
less figurative ; as, that animals are framed with a view 
to the part which they have to play ; — ^that nature does 
nothing in vain ; that she employs the best means for her 
ends ; and the like. However metaphorical or inbxact any 
of these phrases may be in particular, yet taken altogether, 
they convey, clearly and definitely enough to preclude any 
serious error, a principle of the most profound reality and 
of the highest importance in the organical sciences. But 
some adherents of the morjjhological school of which I 
have spoken reject, and even ridicule, all such modes of 
expression. “ I know nothing,” says M. Geoffrey Saint 
Hilaire, “ of animals which liave to play a part in nature. 
I cannot make of nature an intelligent being who does 
nothing in vain; who acts by the shortest mode; who 
does all for the best.” The philosophers of this school, 
therefore, do not, it would seem, feel any of the admira- 
tion which is irresistibly excited in all the rest of man- 
kind at the contemplation of the various and wonderful 
adaptations for the preservation, the enjoyment, the con- 
tinuation of the creatures which people the globe ; — at 
the survey of the mechanical contrivances, the chemical 
agencies, the prospective arrangements, the compensa- 
tions, the minute adaptations, the comprehensive inter* 
dependencies, which ^ology and physiology have brought 
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into vidw, more and more, the further their researohes 
bave been carried# Yet the clear and deep-seated con- 
viction of the reality of these provisions, which the study 
of anatomy produces in its most profound and accurate 
eultivators, cannot be shaken by any objections to the 
metaphors or terms in which this conviction is clothed. 
In regard to the Idea of a Purpose in organization, as in 
regard to any other idea, we cannot fully express our 
meaning by phrases borrowed from any extraneous source; 
but that impossibility arises precisely from the circum- 
stance of its being a Fundamental Idea which is inevit- 
ably assumed in our representation of each special fact. 
The same objection lias been made to the idea of mecha- 
nical force, on account of its being often expressed in 
metaphorical language; for writei-s have spoken of an 
energy, effort, or solicitation to motion ; and bodies have 
been ^id to be animated by a force. Such language, it 
has been Urged, implies volition, and the act of animated 
beings. But the idea of force 43 distinct from mere 
motion, — as the cause of motion, or of tendency to 
motion, — ^is not on that account less real. We endeavour 
in vain to conduct our mechanical reasonings without the 
aid of this idea, and must express it as we can. Just as 
little can we reason concerning organized beings without 
assuming that each part has its function, each function 
its purpose ; and so far as our phrases imply this, they 
will not mislead us, however inexact, or however figu- 
rative they be. 

17. The doctrine of a purpose in organisation has 
been sometimes called the doctrine of tHe Conditions of 
Eansteneet and has been stated as teaching that each 
animal must be so framed as to contain in its structure 
the conditions which its existence requires. When ex- 
pressed in this manner, it has given rise to the ol^eotion, 
that it merely offisrs an identical proposition; since.no 
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animal cm exist without such conditions. But in reality, 
such expressions as those just quoted give an inadequate 
statement of the Principle of a Final Cause. For we 
discover in innumerable cases, arrangements in an animal, 
of which we see, indeed, that they are subservient to its 
well being; but the nature of which we never should 
have been able at all to conjecture, from considering 
what was necessary to its existence, and which strike us, 
no less by their unexpectedness than by their adaptation ; 
so far are they from from being presented by any per- 
ceptible necessity. Who would venture to say that the 
trochlear muscle, or the ])Ower of articulate speech, must 
occur in man, because they are the necessary conditions 
of his existence? When, indeed, the general scheme 
and mode of being of an animal are known, the expert 
and profound anatomist can reason concerning the pro-* 
portions and form of its various parts and organs, and 
prove in some measure what their relations must be. 
We can assert, with ^uvier, that certain forms of the 
viscera require certain forms of the teeth, certain forms 
of the limbs, certain powers of the senses. But in all 
this, the functions of self-m^trition and digestion are sup- 
l)osed already existing as ends : and it being taken for 
granted, as the only conceivable basis of reasoning, that 
the organs are means to these ends, we may discover 
what modifications of these organs are necessarily related 
to and connected with each other. ■ Instead of terming 
this rule of speculation merely “ the principle of the con- 
ditions of existence,” we might term it “ the principle of 
the conditions of organs as means adapted to animal 
existence as their end” And. how far this principle is 
from being a mere barren truism, the extraordinary dis- 
coveries made by the great assertor of the principle, and 
universally assented to by naturalists, abundantly prove. 
The vast extinct creation which is recalled to life ih 
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GtiJvier’s gri^t w«rk, the Ossemens Fosses, cmnot be the 
consequence of a mere identical proposition. 

18i It has been objected, also, that the doctrine of 
Final Causes supposes us to be acquainted with the inten- 
tions of the Creator ; which, it is insinuated, is a most 
presumptuous and irrational basis for our reasonings. 
Bnt there can be nothing presumptuous or irrational in 
reasoning on that basis, which if we reject, we cannot 
reason at all. If men really can discern, and cannot 
help discerning, a design in certain portions of the works 
of creation, this perception is the soundest and most 
satisfactory ground for the convictions to which it 
leads. The Ideas which we necessarily employ in the 
contemplation of the world around us, afford us the 
only natural means of forming any conception of the 
Creator and Governor of the Universe; and if we are by 
such means enabled to elevate our thoughts, however 
inadequately, towards Him, where is the presumption of 
doing so? or rather, where is thefvisdom of refusing to 
open our minds to contemplations so animating and ele- 
vating, and yet so entirely convincing? We possess the 
ideas of time and space, under which all the objects of 
t3ie universe present themselves to us ; and in virtue of 
these ideas thus possessed, we believe the Creator to be 
eternal and omnipotent. When we find that we, in like 
manner, possess the idea of a Design in Creation, and 
that vrith regard to ourselves, and creatures more or less 
resembling ourselves, we cannot but contemplate their 
constitution under this idea, we cannot abstain from 
ascribing to the Creator the infinite profundity and 
extent of design to which all these special instances 
belong as parts of a whole. 

19. I have here considered Design as manifest in 
organization only: for in that field of speculation it is 
forced upon us as contained in all the phenomena, and 
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as the only mode of our understanding them. The 
existence of Final Causes has often been pointed out 
in other portions of the creation; — in the apparent 
adaptations of the various parts of the earth and of thd 
solar system to each other and to organized beings. In 
these provinces of speculation, however, the principle of 
Final Causes is no longer the basis and guide, but the 
sequel and result of our physical reasonings. If in look- 
ing at the universe, we follow the widest analogies of 
which we obtain a view, we see, however dimly, reason 
to believe that all its laws are adapted to each other, and 
intended to work together for the benefit of its organic 
population, and for the general welfare of its rational 
tenants. On this subject, however, not immediately 
included in the principle of Final Causes as here stated, 

I sliall not dwell. I will only make this remark ; that 
the assertion appears to be quite unfounded, that as 
science advances from point to point, final causes recede 
before it, and disappe^ one after the other. Tlte prin- 
ciple of design changes its mode of application indeed, 
but it loses none of its force. We no longer consider 
particular facts as produced by special interpositions, but 
we consider design as exhibited in the establishment and 
adjustment of the laws by which particular facts are pro- 
duced. We do not look upon each particular cloud as 
brought near us that it may drop fatness on our fields, 
but the general adaptation of the laws of heat, and air, 
and moisture, to the promotion of vegetation, does not 
become doubtful. We do not consider the sun as less 
intended to warm and vivify the tribes of plants and 
animals, because we find that, instead of revolving round 
the earth as an attendant, the earth along with other 
planets revolves round him. We are rather, by the. dis- 
covery of the general laws of nature, led into a scene of 
wider design, of deeper contrivance, of more comprehen- 
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sive adjustments. Final causes, if they appear driven 
further from us by such an extension of our views, 
embrace us only with a vaster and more majestic circuit: 
instead of a few threads connecting some detached objects, 
they become a stupendous net-work, which is wound 
round and round the universal frame of things. 

I now quit the subject of Biology, and with it the circle 
of sciences depending upon separate original Ideas and 
permanent relations. If from the general relations which 
permanentlyprevail and constantly recur among the objects 
around us, we turn to the inquiry of what has actually 
happened; — if from Science we turn to History; — wo find 
ourselves in a new field. In this region of speculation 
we can rarely obtain a complete and scientific view of 
the connexion between objects and events. The past 
History of Man, of the Arts, of Languages, of the Earth, 
of the Solar System, offers a vast series of problems, of 
which perhaps not one has been rigorously solved. Still 
man, as his speculative powers unfold themselves, cannot 
but feel prompted and invited to employ his thoughts 
even on these problems. He cannot but wish and endea- 
vour to understand the connexion between the successive 
links of such chains of events. He attempts to form a 
Science which shall be applicable to each of these 
Histories; and thus he begins to construct the class of 
sciences to which I now, in the last place, proceed. 
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Chapteji I. 

OF PALJ2TIOLOGICAL SCIENCES IN GENERAL. 

1. I HAVE already stated in the History of the Sci- 
ences*, that the class of Sciences which I designate as 
Palatiological are those in which the object is to ascend 
from the present state of things to a more ancient cou^ 
dition, from which the present is derived by mtelligiblp 
causes. As conspicuous examples of this class we may 
take Geology, Glossology or Comparative Philology, and 
Comparative Archa;ology. These provinces of knowledge 
might perhaps be intelligibly described as Histories; the 
History of the Earth, — the History of Languages, — the 
History of Arts. But these phrases would 1iot fully 
describe the sciences w'e have in view ; for, the rfbject 
to which w’e now suppose their investigations to be 
directed is not merely to ascertain what the series of 
events has been, as in the common forms of History, 
but also how it has been brought about. These sciences 
arc to treat of causes as well as of effects. Such re- 
searches might be termed philosophical history ; or, in 
order to mark more distinctly that the causes of events 
are the leading object of attention, cetiohgical history. 
But since it will be more convenient to describe this 
class of sciences by a single appellation, I have taken the 

* iii., 481. 
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r ^toposing to- QaU them* the Palatiologiccd 
^ienofls.v 

■%« J^uleBontology de'scribes the beings which have 

•liyel^m foipier ages. without investigating their causes, 
' treats of causes without^ distinguishing his- 

toncal fr^m mechanical causation ; Palc^iology is a com- 
bmation of the two sciences ; exploring by means of the 
Second the phenomena,;,, l^resented by the first. The 
poj^tions of knowledge which I include in this term are 
palaeontological aetiological,^ciences. - 

2.^ All these sciences aye connected by this bond ; — 
that they all endeavour to ascend to a past state, by 
cpnsidering what is the present state of things, and what 
are the causes of change. Geology -examines the exist- 
ing appearances of the materials which form the earth, 
infers frojji them .previous conditions, and speculates con- 
cerning, the forces byVhich one condition has been made 
to succeed another. .-Another science, cultivated with 
great zeaband success modem fifties, compares the 
languages , of different oountries and nations, and by an 
examination of their materials and structure, endeavours 

to deternune their descent from one another : this science 
f' w 

has been' ^rmedjCoit^arative Philology or Et^ography ; 
and by_the^s©nch,^wiyj<i><i 5 '?«?, a word which i®e might 
imitajo in ordpr; to have a single name for the science, 
but the Greek derivative appeals to be 'more 

convenient i|^ its form. The progress of the Arts (Archi- 
tectur»> and the like.); how one stage of meir culture 
produced another ; and how far we can trace theiy ma- 

* A philological writei^ in a very interesting work, (Mr. Donaldsoiii 
in his New Cratylm, p. 12,) expresses his dislike of this Word, and 
suggests that I ipust palcB-cetiological, I think thfe 'Wbrdis more 
likely to obtain currency in the more compact and euphonioiis form in 
which I have used it. It has been adopted by Mr. Winning, in bis 
Manual of Comparatm Philology. 
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turest and most complete dftiiditipn to their earli^t Ibm 
in various nations; — are problems of great fitrtJerest 
belonging to another subject, which we ^r^ the 
present term Comparative Archaeology. I'^ave 
noticed,, in the ^History how- the 4 pesearche^*''iiIt'o the 
origin of naturid objects, and those relating to works .of 
art, pass by slight gradations into each other ; how th§ 
examination of the changes whidSf have affected an ancient 
temple or fortress, harbour or river, may concern alike 
the geologist and the antiquary. Cuvier’s assertion that 
the geologist is an antiquary of a new order, is perfectly 
correct, for both are palsetiologists. 

3. We are very far from having exhausted, by this 
enumeration, the class of sciences whifeh are thus con- 

.y. « 

nected. We may easily point out mapy other- subjects 
of speculation of the same kind. ^As W6 may dook bac!^ 
towards the first condition of on^planet, we may in like 
manner turn our ^oughts towards* the first condition of 
the solar system, and Icy whifcher we can- discern any 
traces of an order of things antecedent to that which is 
now established ; and if we find, as some great .mathe- 
maficianis have conceived-, indications of an eSficlier Itato 
’in%?lft(^"the planets were not yef" ga^ered4n<b their 
present4foims, we h%ve, in the purmif;^Ofv^is train of 
research, a palsatiological portion of Astronomy. Again, 

, as we may Inquire how languages, und how -man, have 
been diffused over the earth’s surface fr^ place to 
place, we may make the like jnquiiy with regard % the • 
ra^eswf plants and animals, founding our infijronces iigon 
the existing geographical distribution of the animal and 
vegetable kingdoms : and thus the Geography of Plants 
and of Animals also becomes a portion of Palaetiology. 
Again, as we can in some measure trace the progress*of 
Arts from nation to nation and from age to age, we Can 

* iii., 402. 
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aiao pursue a similar investigation with respect to the 
progress of Mythology, of Poetry* of Government, of 
Law, Thus, the phi^p^opltjcal history of the human race, 
viewed with reference to these subjects, if it can give rise 
to . knowledge so e^tact as to be properly called Science, 
will supply sciences betonging to the class I am now to 
consider. 

4. It is not an arbitrary and useless proceeding to 
construct such a class of sciences. For wide and various 
as their subjects are, it wHl be found that they have all 
certain principles, maxims, and rules of procedure in 
common ; and thus may reflect light upon each other 
by being treated of together. Indeed it will, I trust, 
appear, that we may by such a juxtaposition of different 
speculations, obtain most salutary lessons. And ques- 
fions, which, when viewed as they first present themselves 
under the aspect of a special science, disturb and alarm 
men’s minds, may perhaps be contemplated more calmly, 
as well as more clearly, when they are considered as 
general problems of paltetiology. 

6. It will at once occur to the reader that, if we 
include in the circuit of our classification such subjects as 
have been mentioned, — politics and law', mythology and 
poetry, — we are travelling very far beyond the '^material 
Sciences within whose limits we at the outset proposed 
to confine our discussion of principles. But we shall 
remain faithful to our original plarv; and for that purpose 
shall confine ourselves in this work to those palaetiologicnl 
sciences which deal with material things. It is true, that 
the general principles and maxims which regulate these 
sciences apply also to investigations of a parallel kind 
respecting the products wbicji result from man’s imagi- 
native and social endowments. But although there may 
be a similarity in the general form of such portions of 
knowledge, their materials are so different from those 
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with which we have been hitherto dealing, that we cannot 
hope to take them into our present account with any 
jjrofit. Language, Government, I#w, Poetryj Art* em- 
brace a number of peculiar Fundamental' Ideas, hitherto 
not touched upon in the disquisitions in W’hich we have 
been engaged ; and most of tbdlh involved in far greater 
perplexity and ambiguity, the subject of controversies 
far more vehement, than the Ideas we have hitherto 
been examining. We must therefore avoid resting 
any part of our philosophy npon sciences, or suj^posed 
sciences, which treat of such subjects. To attend to 
this caution, is the only way in which we can secure 
the advantage we proposed to ourselves at the outset, 
of taking, as the basis of our speculations, none but 
systems of undisputed truths, clearly understood and 
expressed*. We have already said that we must, know'- 
ingly and voluntarily, resign that livelier and warmer 
interest which doctrines on subjects of Polity or Art pos- 
sess, and content ourselves with the cold truths of the 
material sciences, in order that w'e may avoid having 
the very foundations of our philosophy involved in con- 
troversy, doubt, and obscurity. 

0. We may remark, how'over, that the necessity of 
rejecting from .our survey a large portion of the researches 
which the general notion of Palsetiology includes, sug- 
gests one consideration which adds to the interest of 
oiir task. We began our inquiry with the trust that 
any sound views which we should be able to obtain 
respecting the nature of truth in the physkal sciences, 
and the mode of discovering it, must also tend to throw 
light upon the nature and prospects of knowledge of 
all other kinds ; — must be useful to us In moral, poli- 
tical, and philological researches. We stated this as a 

* See vol. i. p. 8. 
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confident anticipation; and the evidence of the justice 
of our belief already begins to appear. We have seen, 
in the last Book, that biology leads us to psychology, 
if we choose to follow the path ; and thus the passage 
from the material to the immaterial has already un- 
folded itself at one point ; and we now perceive that 
there are several large provinces of speculation which 
concern subjects belonging to man’s immaterial nature, 
and which are governed by the same laws as sciences 
al|pgether physical. It is not our business here to dwell 
on the prospects which our philosophy thus opens to our 
contemplation ; but we may allow ourselves, in this last 
stage of our pilgrimage among the foundations of the 
physical sciences, to be cheered and animated by the ray 
that thus beams u})on us, however dimly, from a- higher 
and brighter region. 

But in our reasonings and examples we shall mainly 
confine ourselves to the physical sciences; and for the 
most part to Geology, which in the History I have put 
forwards as the best representative of the Palaetiological 
Sciences. 


Chapter II. 

OF THE THREE MEMBERS OF A PALJITIO- 
LOGICAL SCIENCE. 

1. Divisions of such Sciences . — In each of the Sciences 
of this class Ave consider some particular order of pheno- 
mena now existing : from our knowledge of the causes 
of change among such phenomena, we endeavour to infer 
the causes which have made this order of things what it 
is : we ascend in this manner to some previous stage of 
such phenomena ; and from that, by a similar course of 
inference, to a still earlier stage, and to its causes- 
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Hence it will be seen that each such science will consist 
of two parts, -r~the knowledge of the phenomena, and the 
knowledge of their causes. And such a division is, in 
fact, generally recognised in such sciences : thus we have 
History, and the Philosophy of History ; wo have Com- 
parison of Languages, and the Tlieories of the Origin and 
Progress of Language; we have Descriptive Geology, 
and Theoretical or Physical Geology. In all these cases, 
the relation between the two parts in these several 
provinces of knowledge is nearly the same ; and it may, 
on some occasions at least, be useful to express the iSis- 
tiiiction in a uniform or general manner. The investiga- 
tion of causes has been termed jEtiology by philosophical 
writers, and this term wo may use in contradistinction 
to tha mere Phenomenology of e&ch such department of 
knowledge. And thus we should have Phenomenal Geo- 
logy and Altiological Geology, for the two divisions of 
the science which we have above termed Descriptive and 
Theoretical Geology. 

2. Study of Causes . — But our knowledge respecting 
the causes which actually have produced any order of 
phenomena n^st be arrived at by ascertaining what the 
causes of change in such matters cati do. In order to 
learn, for example, what share earthquakes, and volcanoes, 
and the beating of the ocean against its shores, ought to 
have in our Theory of Geology, we must make out what 
effects these agents of change are able to prodttce. And 
this must be done, not hastily, or unsystematically, but 
in a careful and connected manner ; in short, this study of 
the causes of change in each order of phenomena must 
become a distinct body of Science, which must include a 
large amount of knowledge, both comprehensive and 
precise, before it can be applied to the construction of a 
theory. We must have an iEtiology coiTesponding to 
each order of phenomena. 
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3. ^iology.-i^ln the History of Geology, I have 
spoken of the necessity for such an ^Etiology with regard 
to geological phenomena : this necessity I have compared 
with that which, at the time of Kepler, required the 
formation of a separate science of Dynamics, (the doctrine 
of the causes of motion,) before Physical Astronomy 
could grow out of Phenomenal Astronomy. In pursuance 
of this analogy, 1 have there given the name of Geological 
Dynamics to the science which treats of the causes of 
geological change in general. But, as I have there inti- 
mlfted, in a large portion of the subject the cl^nges are 
so utterly different in their nature from any modification 
of motion, that the term Dynamics, so applied, sounds 
harsh and sti'ange. For in this science we have to treat, 
not only of the subterraneous forces by which parts, of the 
earth’s crust are shaken, elevated, or ruptured, but also 
of the causes which may change the climate of a portion 
of the earth’s surface, making a country hotter or colder 
than in foipier ages; again, we have to treat of the 
causes which modify the forms and habits of animals 
and vegetables, and of the extent to which the effects of 
such causes can proceed ; whether, for ins^ice, they can 
extinguish old species and produce new. These and other 
similar inves^gations would not be naturally Included in 
the potion of Dynamics ; and therefore it will be better 
to use the term Etiology when w’e wish to group togetlier 
all those Iresearches which have it for their object to de- 
termine the laws of such changes. In the same manner 
the Comparison and History of Languages, if it is to lead 
to any stable and exact knowledge, must have appended 
to it an jEtiology, which aims at determining the nature 
and the amount of the causes which really do produce 
changes in language ; as colonization, conquest, the mix- 
ture of races, civilization, literature, and the like. And 
the same rule applies to all sciences of this class. We 
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8hall now make a few remarks on the ^characteristics of 
Huch branches of science as those to wliich we are led by 
the above considerations. 

4. Phenome)U)logj/ requires Chssijication, Pltenome’* 
ml Geolo ^^. — ^The Phenomenal portions of each science 
imply Classification, for no description of a large and 
varied mass of phenomena can be useful or intelligible 
without classrfication. A represen tation|^pf phenomena, 
in order to answer the purposes of science, must be sys- 
tematic. Accordingly, in giving the History of Descrip- 
tive or Phenomenal Geology, I have called it Systematic 
Geology, just as Classificatory Botany is termed Systematic 
JMany. Moreover, as we have already seen, Classifica- 
tion can never be an arbitrary process, but always implies 
some patural connexion among the objects of the same 
class ; for if this did not exist, the classes could not be 
made the subjects of any true assertion. Yet though 
the classes of phenomena which our system acknowledges 
must be such as already exist in nature, the^^diecovery of 
these is, for the most part, very far from obvious or easy. 
To detect the true principles of natural classes, and to 
select marks ^ which these may bo recognised, are steps 
which require genius and good fortune, and which fall to 
the lot only of the most eminent persons in each science. 
In the History, I have pointed out Wefner, William 
Smith, and Cuvier, as the three great authors of Sys- 
tematic Geology of Europe. The mode of classifying the 
materials of the earth’s surface which was found, by these 
philosophers, fitted to enunciate such general facts as 
came under their notice, was to consider the rocks and 
other materials as divided into successive layers or strata, 
superimposed one on another, and variously inclined and 
broken. The German geologist distinguished his strata 
for the most part by their miiieralogical character; the 
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other two by the./emains of animals and plants which the 
rocks contained. After a beginning bad thus been made 
in giving a genuine scientific form fo phenomenal geology, 
other steps f311owe,d in rapid succession, as has already 
been related in thO j^Sstory*. The Classification of the 
Strata was fixed by » suitable nomenclature. Attempts 
were made to apply to other comi tries tho order of strata 
which had be^ found to prevail in that first studied : 
and in this manner it was ascertained what rocks in 
distant regions are the synonyms, or equivalents], of each 
other. The knowledge thus collected and systematized 
was exhibited in the foip of geological maps. 

Moreover, among the phenomena of geology we have 
Laws of nature as well as Classes. The general form of 
mountain chains ; the relations of the direction and incli- 
imtion of different chains to each other; the general 
features of mineral veins, faults, and fissures ; the preva- 
lent characters of slaty cleavage ; — were the subjects of 
laws established, or supposed to be established, by exten- 
sive q^servation of facts. In like manner the organic 
fossils discovered in the strata were found to follow 
certain laws with reference to the climate which they 
appeared to have lived in ; and the evidence which they 
gave of a regular zoological development. And thus by 
the' assiduous labours of* many aciSomplished and active 
philosophers, Descriptive or Phenomenal Geology was 
carried towards a state of completeness. 

6. Phenonieml Uranography . — In like manner in 
other palaetiological researches, as soon as they approach 
to an exact and scientific form, we find the necessity of 
constructing in the first place a science of classification 
and exact description, by means of which the pheno- 
mena maybe correctly represented "Und compared; and of 

Hitt. Ind. Soi., iii'., 627. t IB., ii}., 532. 
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obtaining by this step a solid basis for an inquiry into the 
causes which have produced them. , Thus the Palsetiology 
of the solar system has, in recent times, drawn the atten- 
tion of speculators ; and a hypothesis has' been started, 
that our sun and his attendant plaif^ have been produced 
by the condensation of a mass of difRised matter, such as 
that which constitutes the nebulous patches which we 
observe in the starry heavens. But the lagest and 'most 
enlightened astronomers have not failed to ackpowledge, 
that to verify or to disprove this conjecture, must be the 
work of many ages of observation and thought. Thtey 
have perceived also that the firs'feetep of the labour re- 
quisite for the advancement of this portion of science must 
be to obtain and to record the most exact knowledge at 
present within our reach, respecting the phenomena of 
these nebulse, with which we thus compare our own system; 
and, as a necessary element of such knowledge, they have 
seen the importance of a classification of these objects, 
and of others, such as Double Stars, of the same kind. 
Sir William Herschel, who first perceived the heading of 
the phenomena of nebulae upon the history of the solar 
system, made the observation of such objects his business, 
with truly admii^ble zeal and skill ; and in the account 
of the results of his ^bours, gg.ve a classification of Ne- 
bulae; separating them into, first. Clusters of Stars; second, 
Resolvable Nebttlee; third, Prope)' Nebulae; fourth. Plan 
netary Nebulae; fifth, Stellar Nebtilae ; sixth, Nebulous 
Stars*. And since, in order to obtain from these remote 
appearances, any probable knowledge respecting our own 
system, we must discover whether they undergo any 
changes in the course of ages, he devoted himself to the 
task of forming a record of their number and appearance 
in his own time, that thus the astronomers of succeeding 

* PhU. Tram., 1786 and 1789, and Sir J. Hersohbl's Astromihy, 
Art. 616. 
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g^eratiotts might have a delinile and exact standard 
with which to compare their observations. Still, this 
task would have been executed only for that part of the 
heavens which is visible in this country, if this Hippar- 
chus of the Nebuloe and Double Stars had not left behind 
him a son who inherited all his father’s zeal and more 
than his father’s knowledge. Sir John Herschel in 
1833 went to the Cape of Good Hope to complete what 
Sir William Herschel left wanting ; and in the course of 
five years observed with care all the nebulas and double 
stars of the Southern hemisphere. This great Herschelian 
Sm'vm/ of the Heavens, the completion of which is the 
noblest monument ever erected by a son to a father, must 
necessarily be, to all ages, the basis of all speculations 
concerning the history and origin of the solar system ; 
and has completed, so far as at present it can be com- 
pleted, the phenomenal portion of Astronomical Pala*- 
tiology. 

6. PJtenommal Geography of Plants and Animals . — 
Again, there is another Palsetiological Science, closely 
connected with the speculations forced upon the geolo- 
gist by the organic fossils which he discovers imbedded 
in the strata of the earth ; — namely, the Science which 
ha^ for its object the Caujies of the Diffusion and Distri- 
bution of the various kinds of Plants and Animals. And 
this science also has for its first portion and indispensable 
foundation a description and classification of the existing 
phenomena. Such portions of science have recently been 
Cultivated with great zeal and success, under the titles of 
the Geop'aphy of Plants, and the Geography of Animals- 
And the results of the inquiries thus undertaken have 
assumed a definite and scientific form by leading to a 
division of the earth’s surface into a certain number of 
boftanical and zoological Provinces, each province occupied 
by its ojvu peculiar vegetable and animal population* 
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We find, too, in the coutse of these investigations, various 
general laws of the phenomena offered to our notice; 
such, for instance, as this: — that the difference of the 
animals originally occupying each province, which is clear 
and entire for the higher orders of animals and plants, 
becomes more doubtful and indistinct when we descend 
to the lower kinds of organizations; as Infusoria and 
Zoojdiytes* in the animal kingdom, Grasses and Mosses 
among vegetables. Again, other laws discovered by 
those who have studied the geograi)hy of plants are 
tliese : — that countries separated from each other by wide 
ti acts of sea, as the opi)osite shores of the Mediterranean, 
the islands of the Indian and Pacific Oceans, have usually 
much that is common in their vegetation and again, 
that in parallel climates, analogous tribes replace each 
other. It would be easy to adduce other laVs, but those 
already stated may serve to show the great extent of the 
]»ortions of knowledge which have just been mentioned, 
even considered as merely Sciences of Phenomena. 

7. Phenomenal Glossology . — It is not my purpose in 
the present work to borrow my leading illustrations from 
any portions of knowledge but those Avhich are concerned 
with the study of material nature ; and I shall, therefore, 
not dwell upon a branch of research, singularly interest- 
ing, and closely connected with the one just montroned; 
but dealing with relations of thought rather than of 
things; — I mean the Palsetiology of Language; — the 
theory, so far as the facts enable us to form a theory, of 
the causes which have led to the resemblances and differ^ 
cnees of human speech in various regions and various 
8ges. This, indeed, would be only a portion of the study 
of the history and origin of the diffusion of animals, if w’e 
were to include man among the animals whose dispersion 

S 

* Pbiohard, Betearckes into tho Physical History of Ma7ikind, 
i- 55, 28. 
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wfe lllius i^yestigate ; for language is one of the most 
olear and imperisbabre records of the early events in the 
career of the hunjan race. But the peculiar nature of 
the faculty of speech, and ,the ideas which the use of it 
involves, make it proper to treat Glossology as a distinct 
sdence. And of this science, the first part must neces- 
sarily be, as in the other sciences of this order, a classifi- 
cation and comparison of languages, governed in many 
respects by the same rules, and presenting the same diffi- 
culties, as other sciences of classification. Such, accord- 
ingly, has been the procedure of the most philosophical 
glossologists. They have been led to throw the languages 
of the earth into certain large classes or families, accord- 
ing ^ various kinds of resemblance; as the Semitic 
family, to which belong Hebrew, Arabic, Chaldean, 
Syrian, Phoehician, Ethiopian, and the like; the Indo- 
Eu/ropenn, which includes Sanskrit, Persian, Greek, Latin, 
and German ; the Monosyllabic languages, Chinese, Tibe- 
tan, Birman, Siamese; the Polysynthetic languages, a 
class including most of the North- American Indian 
dialects; and others. And this work of classification 
has been the result of the labour and study of many very 
profound linguists, and has advanced gradually from stop 
to step. Thus the Indo-European family was first formed 
on an observation of the coincidences between Sanskrit, 
Greek, and Latin ; but it was soon found to include the. 
Teutonic languages, and more recently Dr. Prichard* 
has shown beyond doubt that the Celtic must be included 
in the same family. Other general resemblances and 
difierences of languages have been marked by appropriate 
terms : thus August von Schlegel has denominated 
them synthetibal and analytical, according as they form 
their conjugatiods and declensions by auxiliary verbs and 

* Dr. Prichard, On the Eaitem Origin of the Celtic Nations. 

1831. 
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prepositions, or by changes in the word itself : and the 
polysynthetic languages are so named by M. Duponoeau, 
in consequence of their still more complex mode of 
inflexion. Nor ar6 there wanting, in this science also, 
general laws of phenomena; such, for instance, is the 
curious rule of the interchange of consonants in the 
cognate words of Greek, Gothic, and German, which has 
been discovered by James Grimm. All these remark- 
able portions of knowledge, and the great works which 
have appeared on Glossology, such, for example, as the 
Mithridates of Adelung and Vater, contain, for their 
largest, and hitherto probably their most valuable part, 
the phenomenal portion of the science, the comparison of 
languages as they now are. And beyond all doubt, 
until we have brought this comparative philology to a 
considerable degree of completeness, all our speculations 
respecting the causes which have operated to produce 
the languages of the earth must be idle and unsubstantial 
dreams. 

Thus in all Palsetiological Sciences, in all attempts to 
trace back the history and discover the origin of the pre- 
sent state of things, the portion of the science which 
must first be fonned is that which classifies the pheno- 
mena, and discovers general laws prevailing among them. 
When this work is performed, and not till then, we may 
begin to speculate successfully concerning causes, and to 
make some progress in our attempts to go back to an 
origin. We must have a Plienomeml science preparatory 
to each ^Etiological one. 

8. The Study of Phenomena leads to Theory . — ^As we 
have just said, we cannot, in any subject, speculate suc- 
cessfully concerning the causes of the pTesent state : 0 f 
things, till we have obtained a tolerably complete and 
systematic view of the phenomena. Yet in reality men 
iiave not in any instance waited for this completeness 
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and system in their knowledge of facts before they havo 
begun to fonu tlieories. Nor was it natural, considering 
the speculative propensities of the human mind, and how 
incessantly it is endeavouring to apply the Idea of Cause, 
that it should thus restrain itself. I have already noticed 
this in the History of Geology. “ While we have been 
giving an account,” it is there said, “ of the objects with 
which Descriptive Geology is occupied, it must have been 
felt how difficult it is, in contemplating such facts, to 
confine ourselves to description and classification. Con- 
jectures and reasonings respecting the causes of the phe- 
nomena force themselves upon us at every step; and 
even influence our classification and nomenclature. Onr 
Descriptive Geology impels us to construct a Physical' 
Geology.” And the same is the case with regard to the 
other subjects which I have mentioned. The mere con- 
sideration of the different degrees of condensation of dif- 
ferent nebulse led Herschel and Laplace to the Ijypothosis 
that our solar system is a condensed nebula. Immediately 
upon the division of the earth’s surface into botanical and 
zoological provinceSj and even at an earlier period, the 
opposite hypotlmses of the origin of all the animals of 
&ch kind from a single pair, and of their original diffusion 
all over the earth, were under discussion. And the con- 
sideration of the families of languages irresistibly led to 
speculations concerning the families of the earliest human • 
inhabitants of the earth. In all cases the contemplation 
of a very few phenomena, the discovery of a very few 
steps in the history, made men wish for and attempt 
to form a theory of 'the history from the very beginning 
of things. 

ff. No sot§id Theory without :/Etidogy . — But though 
man is thus impelled bj'’ the natural ptopensities of his 
Intellect to trace each order of things to its causes, 
he does not at first discern the only sure way of 
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obtaining such knowledge; he does not suspect how 
much labour and how much method are requisite for suc- 
cess in this undertaking : he is not aware that for each 
order of phenomena he must construct, by the accumu- 
lated results of multiplied observation and distinct 
thought, a separate ^Etiology. Thus, as I have elsewhere 
remarked*, when men had for the first time become ac- 
quainted with some of the leading phenomena of Geology, 
and had proceeded to specrilate concerning tho past 
changes and revolutions by which such results had been 
produced, they forthwith supposed themselves able to 
judge what would be the effects of any of the obvious 
agents of change, as water or volcanic fire. It did not 
at first occur to them to suspect that their common and 
extemporaneous judgment on such points was by no 
means sufficient for sound knowledge. They did not 
foresee that, before they could determine what share these 
or any other causes had had in producing the present con- 
dition of the earth, they must create a special science 
whose object should be to estimate the general laws and 
effects of such assumed causes ; — that before they could 
obtain any sound Geological Theoi-y, they must carefully 
cultivate Geological ^Etiology. 

The same disposition to proceed immediately from 
the facts to the theory, without constructing, as an inter- 
mediate step, a science of Causes, might be pointed out 
in the other sciences of this order. But in all of them, 
this error has been corrected by the failures to which it 
led. It soon appeared, for instance, that a more careful 
inquiry into the effects which cliniate, food, habit and 
circumstances can produce in animals was requisite in 
order to determine how the diversities bf animals in 
different countries hare originated. The iEtiology of 
Animal Life (if w’e may be allowed to give this name to 
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that stijdy of such causes of change which is at present 
ib zealously cultivated, and which yet has no distinctive 
designation,) is now perceived to be a necessary portion of 
all attempts to construct a history of the earth and its 
inhabitants. ^ 

10. Cause in Paketiology . — We are thus led to ton- 
template a class of sciences which are commenced with 
the study of Causes. We have already considered sci- 
ences which depended milhily upon the Idea of Cause, 
namely, the Mechanical Sciences. But it is obvious that 
the Idea of Cause in the researches now under our con- 
sideration must be employed in a very different way from 
that in which we applied it formerly. Force is the cause 
of motion, because force at all times and under all cir- 
cumstances, if not counteracted, produces motion ; but 
the cause of the present condition and elevation of the 
Alps, whatever it was, was manifested in a series of 
events of which each happened but once, and occupied 
its proper place in the series of time. The former is 
mSchaniccU, the latter historical, cause. In our present 
investigations, we consider the events which we contem- 
plate, of whatever o]^er they be, as forming a chain which 
is extended from the beginning of things down to the 
present time ; and the causes of which we now speak are 
those which connect the successive links of this chain. 
Every occurrence which has taken place in the history of 
the solar system, or the earth, or its' vegetable and animal 
creation, or man, has been at the same time effect and 
cause; — the effect of wdiat preceded, the cause of what 
succeeded. By. being, effect and cause, it has occupied 
some certain portion of time ; * and the times which have, 
thus been occupied by effects and causes, summed up 
and taken all together, make up the total of Past Time. 
The Past has been a series of events connected by this 
historical causation, and the Present is the last term of 
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this series. The problem in the Palsetiological Sciences, 
with which we are here concerned, is, to determine the 
maimer in which each term is derived from the pre- 
ceding, and thus, if possible, to calculate backwards to 
the origin of the seri^ 

11. Various hinds of Cause , — Those modes by which 
one term in the natural series of events is derived from 
another, the forms of historical causation, the kinds of 
connexion between the link%%r the infinite chain of time, 
are very various ; nor need we attempt to enumerate them. 
But these kinds of causation being distinguished from 
each other, and separately studied, each becomes the 
subject of a separate .Etiology. Thus the causes of 
change in the earth’s surface, residing in the elements, 
fire and water, form the main subject of Geological iEtio- 
logy. The ^Etiology of the vegetable and animal king- 
doms investigates the causes by which the forms and dis- 
trihutipu of species of plants and animals are affected. 
The study of causes in Glossology leads to an Etiology 
of Language, which shall distinguish, analyse, and estim'ate 
the causes by w^j^ich certain changes are produced in the 
languages of nations ; in like manner we may expect to 
have an ^Etiology of Art, which shall scrutinize the influ- 
ences by which the various forms *of art have each given 
birth to its successor : by which, for example, there have 
been brought into being those various forms of architec- 
ture which we term Egyptian, Doric, Ionic, Roman, 
Byzantine, Romanesque, Gothic, Italian, Elizabethan. It 
is easily seen by this slight survey h^w manifold and 
diverse are the kinds of causd which the Palsetiological 
^ Sciences bring under our consideration. But in each of 
those sciences we shall obtain sqiid and complete systems 
of knowledge, only so far as we study, with steady thought 
and careful observation, that peculiar kind of cause whidli- 
IS approjmate to the phenomena under our.consideration. 

VOL.- II. , I 
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Hyp6(hetic(d Order of PaUetiidogicd Cousee . — 
The various kinds of historical cause are not only con- 
nected with each other by their common bearing upon 
the historical sciences, but they form a kind of progression 
which we may represent to oursqj^s as having acted in 
mcceesion in the hypothetical history of the earth and its 
inhabitantli. Thus assuming, merely as a momentary 
hypothesis, the origin of the solar system by the conden- 
sation of a nebula, we halte tO contemplate, first, the 
causes by which the luminous incandescent diffused mass 
of Avhich a nebula is supposed to be constituted, is gra- 
dually condensed, cooled, collected into definite masses, 
solidified, and each portion made to revolve about its 
axis, and the whole to travel about another body. We 
have no difficulty in ascribing the globular form of each ’ 
mass to the mutual attraction of its particles: but 
when this form was once assumed and covered with a 
solid crust, are there, we may ask, in the constitution of 
such a body, any causes at work by which the crust 
might be again broken up and portions of it displaced, 
and covered with other matter? Again, if we can thus 
explain the origin of the earth, can we with like success 
account for the presence of the atmosphere and tlie 
waters of earth and ocean? Supposing this done, we ■ 
have then to consider by what causes such a body could 
become stocked with vegetable and animal life; for 
there have not been wanting persons, extravagant spe- 
culators, no doubt, who have conceived that even this 
event in the history of the world might be, the work 
of natural causes. Supposing an origin given to life 
upon our earth, we have then, brought before us by 
geological observations, a series of different forms of 
vegetable and animal existence; occurring in different 
strata, and, as the phenomena appear irresistibly to ^ 
prove, existing at successive periods : and we are com- 
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pelled to inquire what can have been the causes by 
which the forms of each period have passed into those of 
the next. We find, too, that strata, which must have 
been at first honzontal and continuous, have undergone 
enormous dislocation^^ |md ruptures, and we have to con- 
sider the possible effect of aqueous and volcanic causes 
to produce such changes in the earth’s crust. We are 
thus led to the causes which have produced the present 
state of things on the %arth *, and these are causes to 
which we may hypothetically ascribe, not only the form 
and position of the inert materials of the earth, but also 
the nature and distribution of its animal and vegetable 
population. Man too, no less than other animals, is 
affected by the operation of such causes as we have re* 
» ferred to, and must, therefore, be included in such specu- 
lations. But man’s history only begins, where that of 
other animals ends, with his mere existence. They are 
stationary, he is progressive. Other species of animals 
once brought into being, continue the same through all 
ages ; man is changing, from age to age, his language, his 
thoughts, his works. Yet even these changes are bound 
together by laws of causation ; and these causes too may 
become objects of scientific study. And such causes^ 
though not to be dwelt upon now, since we permit our- 
selves to found our i)hilosophy upon the material sciences 
only, must still, when treated scientifically, fall within 
the principles of our philosophy, and must be governed 
by the same general rules to which all science is subject. 
And thus we are led by a close and natural connexion, 
through a series of causes, from those which regulate the 
imperceptible changes of the remotest nebulae in the 
oeavens, to those which determine the diversities of 
language, the mutations of art, and even the progress of 
civilization, polity, and literature. 

While I have been speaking of this supposed series 

I 2 
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of evenls, includixig in its course the formation of the 
earth, the introdaction of animal and vegetable life, and 
the revolutions by which one collection of species has 
succeeded another, it must not be forgotten, that though 
I have thus hypothetically spoken of these events as 
occurring by force of natural causes, this has been done 
only that the true efficacy of * such causes might be 
brought under our consideration and made the subject of 
scientific examination. It ma^be found, that such oc- 
currences as these are quite inexplicalile by the aid of any 
natural causes with which we are acquainted ; and thus 
the result of our investigations, conducted with strict 
regard to scientific principles, may be, that we must either 
contemplate supernatural influences as part of the past 
series of events, or declare ourselves altogether unable to 
form this series into a connected chain. ‘ 

13. Mode of Cidtivaiing Aetiology: — In Geology . — 
In what manner, it may be asked, is .Etiology, with 
regard to each subject auch as we have enumerated, to be 
cultivated ? In order to answer this question, ife must, 
according to our method of proceeding, take the most 
successful and complete examples which wo possess of 
such portions of science. But in truth, we can as yet 
refer to few examples of this kind. In Geology, it is 
only very recently, and principally through the example 
and influence of Mr. Lyell, that the ^Etiology has been 
detached from the descriptive portion of the science; 
and cultivated with direct attention : in other sciences 
the separation has hardly yet been made. But if we 
examine what has already been done in Geological ^tio- 
logy, or as in the History it is termed. Geological 
Dynamics, we shall find a number of different kinds of 
investigation which, by the aid of our general principles 
respecting the formation of sciences, may Suffice to sup- 
ply very useful suggestions for ^Etiology in geaieral. 
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In Geological ^Etiology causes have been studied, in 
many instances, by attending to theii> action in the phe- 
nomena of the present state of thing at and by inferring 
from this the nature and extent of the action which they 
may have exercised in former times. This has been 
done, for example, by Von HoiF, Mr. Lyell and others, 
with regard to the operations of rivers, seas, springs, 
glaciers, and other aqueous causes of change. Again, 
the same course has bee’h followed by the same philoso- 
phers with respecl to volcanos, earthquakes, and other 
violent agents. Mr. Lyell has attempted to show, too, 
that there take place, in our own time, not only violent 
agitations, but slow motions of parts of the earth’s crust, 
of the same kind and order with those which have assisted 
in producing all anterior changes. 

Butw'hile we* thus seek instruction in the phenomena 
of the present state of things, we are led to the question, 
What are the limits of this present period ? For instance, 
among the currents of lava which we trace as part of the 
shores of Italy and Sicily, which shall we select as belong- 
ing to the existing order of things ? In going backwards 
in time, where shall we draw the line? and why at such 
particular point ? These questions are important, for our 
estimate of the efficacy of knowm causes will vary with the 
extent of the effects Avhich we ascribe to them. Hence 
the mode in wdiich we group together rocks is not only a 
step in geological classification, but is also important to 
.Etiology. Thus when the vast masses of trap rocks in 
the Western Isles of Scotland af^d in other countries, 
which had been maintained by the Wernerians to be of 
aqueous origin, were, principally by the sagacity arid 
industry of Macculloch^ identified as to their nature ’mih 
the products of recent Volcanos, the amount of effect 
which might justifiably be ascribed to volcanic agency 
Was luaterially extended. 
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In Other oases, instead of observing the current effects 
of our geological causei^ we have to estimate the results 
from what we knci,w of the causes themselves; as when, 
with Herschel, we calculate the alteration^ in the tern-, 
perature of the earth which astronomical changes may 
possibly produce ; or when, with Fourier, we try to cal- 
culate the rate of cooling of the earth’s surface, on the 
hypothesis of an incandescent central mass. In other 
caSes, again, we are not able to calculate the effects of 
our causes rigorously, but estimate them as well as we 
can, partly by physical reasonings, and partly by compa- 
rison with such analogous cases as ,we can find in the 
present state of things. Thus Mr. Lyell infers the change 
of climate which would result if land were transferred 
from the neighbourhood of the poles to that of the 
equator, by reasonings on the power of land and water to 
contain and communicate heat, supported by a reference 
to the different actual climates of places under the same 
latitude, but under different conditions as to the distribu- 
tion of land and water. 

Thus our .Etiology is constructed partly from calcu- 
lation and reasoning, partly from phenomena. But wo 
may observe that when we reason from phenomena to 
causes, we usually do so by various steps ; often ascending 
from phenomena to mere laws of phenomena, before we 
can venture to connect the phenomenon confidently with 
its cause. Thus the law of subterranean heat, that it 
increases in descending below the surface, is now well 
established, although *the doctrine which ascribes this 
effect to a central heat is not universally assented to. 

14. In the Geography of Plants and Animals . — We 
may find in other subjects also, considerable contributions 
towards .®tiology, though not as yet a complete system 
of science. The <]8Ctiology of vegetables and animals, 
indeed, has been studied with great aeal in modero timeft 
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as atl essential preparative to geological theory; for how 
can we decide whether any assumed causes have produced 
the succession of species which we find in the earth’s 
strata, except* we know what effect of this kind given 
causes can produce? Accordingly, we find in Mr. 
Lyell’s Treatise on Geology the most complete discussion 
of such questions as belong to these subjects : — for ex- 
ample, the question whether species can be transmuted 
into other species by the long continued influence df 
external causes, £s climate, food, domestics^n, cdinbined 
with internal causes, as habits, appetencies, progressive 
tendencies. We m^y observe, too, that as w^ have 
brought before us the inquiry what change difference of 
climate can produce in any species, we have also the 
inverse problem, how far a different development of the 
species, or a different collection of species, proves a differ- 
ence of climate. In the same way, the geologist of the 
present day considers the question, whether, in virtue of 
causes now in action, species are from time to time extin- 
guished ; and in like manner the geologists of an earlier 
period discussed the question, nowlong completely decided 
whether fossil species in general are really extinct species. 

16 . In Languages . — Even with reference to the .Etio- 
logy of language, although this branch of science has 
hardly been considered separately from the glossological 
investigations in which it is employed or assumed to be 
employed, it might perhaps be possible to point out 
causes or conditions of change which, being general in 
their nature,, must operate upon .aH languages alike. 
Changes made for the sake of euphony when words are 
modified and combined, occur in all dialects. Who can 
doubt that such changes of consonants as those by which 
the Greek roots become Gothic, and the Gothic, German, 
have for their cause some general princ^e in the pronun- 
ciation of each language? Again* we might attempt to 
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decide other questions of no small interest. Have the 
terminations of verbs arisen from the accretion of pro- 
nouns; or, On the other hand, does the modification of a 
verb imply a simpler mental process than'<the insulation 
of a pronoun, as Adam Smith has maintained ? Again, 
when the language of a nation is changed by the invasion 
and permanent mixture of an enemy of different speech, 
is it generally true, that it is changed fron\ a synthetic to 
a» analytical structure ? I will mention only one more 
of thesS wide,|pjd general glossological inquiries. Is it 
true, as Dr. Prichard has suggested*, that languages have 
becon^ more permanent as we comp down towards later 
times? May we justifiably suppose, with him, that in the 
very earliest times, nations, when they had separated from 
one stock, might lose all traces of this common origin 
out of their languages, though retaining strong evidences 
of it in their mythology, social forms, and arts, as aj)i)ears 
to be the case with the ancient Egyptians and the 
Indiansf ? 

I^arge questions of this nature cannot be treated pro- 
fitably in any other way than by an assiduous study of 
the most varied forms of living and dead languages. But 
on the other hand, £he study of languages should be pro- 
secuted not only by a direct comparison of one witli 
another, but also with a view to the formation of a science 
of causes and general principles, embracing such discus- 
sions as I have pointed out. It is only when such a 
science has been formed, that we can hoj)e to obtain any 
solid and certain results in the Palsetiology of language ; 
— ^to determine, with any degree of substantial proof, 
what is the real evidence which the wonderful faculty of 
speech, under its present developments and forms, bears to 
the events which have taken place in its own history, and 
in the history of j gn since his first origin. 

• Retearches, t/4., ii. 192. 
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16. Constmction of Theories.— When, we have thus 
obtained, with reference to any such subject as those we 
have here spoken of, these two portions of science, a 
systematic description of the facts, and a rigorous analysis 
of the causes, — the Fhenomenohgy and the ^Etiology of the 
subject, — we are prepared for the third member which 
completes the science, the Theory of the actual facts^ 
We can then take a view of the o'^ents, which really have 
liappened, discerning their connexion, interpreting their 
evidence, supplyihg from the context tlie^rts which are 
unapparent. We can account for known tacts by intelli- 
gible causes, we can infer latent facts from manifest 
effects, so as to obtain a distinct insight into the whole 
history of events up to the present time, and to see the 
last result of the whole in the present condition of things. 
The term Theory, when rigorously employed in such 
sciences as those wdiich we here consider, bears nearly the 
sense which I have adopted : it implies a consistent and 
systematic view of the actual facts, combined with a true 
a])preheusion of their connexion and causes. Thus jf wo 
speak of a Theory of Mount Etna, or a Theory of the 
Paris Basin, we mean a connected and intelligible view 
of the events by which the rocks in 'Siese localities have 
come int^ their present condition. Undoubtedly the 
term Theory has often been used in a looser sense ; and 
nien have put forth Theories of the Earthy which, instead 
of including the whole mass of actual geological facts and 
their causes, only assigned, in a vague manner, some 
causes by wdiich some few phenomena might, it was con- 
ceived, be accounted for. Perhaps the portion of our 
Palsetiological Sciences which W'e now wish to designate, 
would be more generally understood if we were to describe 
it as Theoretical or Philosophical History, as when we 
talk of the Theoretical History of A^j|^itecture, or the 
Philosophical Ilistory of Language.-^iltnd in the same 
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manner we might speak of the Theoretical History of the 
Animal and Vegetable Kingdoms ; meaning, a distinct 
account of the events which have produced the present 
distribution of species and families. But by whatever 
phrase we describe this portion of science, it is plain that 
such a Theory, such a Theoretical History, must result 
from the application of causes well understood to facts 
well ascertained. ..An8 if the term Theory he here em- 
^oyed we must recollect that it is to be understood, not 
in its narrow^jjSehse as opposed to facts, but in its wider 
„ signification, as including all known facts and diffbring 
from them only in introducing among them principles of 
intelligible connexion. The Theories of which we now 
speak are true Theories, precisely because they are 
identical with the total system of the Facts. 

17. No sound PaleBtiological Theoiy yet extant — It is 
not to disparage the present state of science to say that 
as yet no such theory exists on any subject. “ Theories 
of the Earth” have been repeatedly published ; but when 
we cpnsider that even the facts of geology have been 
observed only on a small portion of the earth’s surface, 
and even within those narrow bounds very imperfectly 
studied, we shall bfe able' to judge how impossible it is 
that geologists should have«yet obtained a well-egtablished 
Theoretical History of the changes which have taken 
place in the crust of the terrestrial globe from its first 
origin. Accordingly, I have ventured in my History 
to designate the most prominent of the Theories which 
have hitherto prevailed bs premature geological theories*: 
and we shall soon see that geological theory has not 
advanced beyond a few conjectures, and that its culti- 
vators are at present mainly occupied with a controversy 
in which the two extreme hypotheses which first ofier 
themselves to mstt’s minds are opposed to each other. 

* Ind. Set., iii. 603. 
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And if we liave no theoretical history of the earth which 
merits any confidence, still lessn have we any theoretical 
History of Language, or of the Arts, which we can con- 
sider as satisfactory. The Theoretical History of the 
Vegetable and Animal Kingdoms is closely connected 
with that of the earth oa which they subsist, and must 
follow the fortunes of geology. And thus we may ven- 
ture to say that no Palaetiological Science, as yet, pos- 
sesses all its three members. Indeed most of them are 
very far from having completed and syst^atized their 
Phenomenology: in all, the cultivation of Etiology is 
but just begun, or is not begun ; in all, the Theory must 
reward the exertions of future, probably of distant^ gene- 
rations. 

But in the mean time we may derive some 'instruction 
from the comparison of the two antagonist hypotheses of 
which I have spoken. 


Chapter IIJ. 

OF THE DOCTRINE OF CATASTROPHES. AND THE 
DOCTRINE OF UNIFORMITY.' 

1. Doctrine of Catastrophes . — I have already shown, 
in the History of Geology, that the attempts to frame a 
theory of the earth have brought into view two com- 
pletely opposite opinions: — one, which represents the 
course of nature as uniform through all ages, the causes 
which produce change having had the same intensity in 
former times which they have at the present day ; — the 
other opinion, which sees in the present condition of 
things ervideuces of catastrophes; changes of a more sweep- 
ing kind, and produced by more powerful agencies than 
those which occur in recent times. Geologists who held 
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the latter opinion, maintained that the forces, which have 
elevated the Alps or the Andes to their present height 
could not have been any forces which are now in action : 
they pointed to vast masses of strata hundreds of miles 
long, thousands of feet thick, thrown into highly-inclined 
positions, fractured, dislocated* crushed : they remarked 
that upon the shattered edges of such strata they found 
enormous accumulations of fragments and rubbish, 
rounded by the action of water, so as to denote ages of 
violent aqueo#s action: they conceived that they saw 
instances in which whole mountains of rock in a state of 
igneous fusion, must have burst the earth’s crust from 
below r they found that in the course of the revolutions 
by which one stra{;um of rock was placed upon another, 
the whole ‘collection of animal species which tenanted 
the earth and the seas had been removed, and a new set 
of living things introduced in its place: finally, they 
fopnd above all the strata vast masses of sand and gravel 
containing bones of animals, and apparently tlie wqj’k of 
a mighty deluge. With all these proofs before their eyes 
they thought it impossible not to judge that the agents 
of change by which the world was urged from one con- 
dition to another till it reached its ])resent state must 
‘have been more violent, more powerful, than any which 
w'o see at work aronnd us. They conceived that the 
evidence of “ catastrophes ” was irresistible. 

2. Doctrine of Uniformity . — I need not here repe.at 
the narrative (given in the History*) of the process by 
which this formidable array of proofs was, in the minds 
of some eminent geologists, weakened, and at last over- 
come. This was done by showing that the sudden breaks 
in the succession of strata were apparent only, the dis- 
continuity of^ the series which occurred in one country 
being removed by terms interposed in another locality : 

* Hist. Ind, Sei., iii. 012. 
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by urging tiiat the total effect produced by existing 
causes, taking into account the accumulated result of 
long periods, is for greater than ^.casual speculator would 
think possible: by making it appear that thSre are in 
many parts'of the world evidences of a slow and imper- 
ceptible rising of the land since it was the habitation of 
now existing species: by proving that it is not univer- 
sally true that the strata separated in time by supposed 
catastrophes contain distinct species of animals : by 
pointing out the limited fields of the supposed diluvial 
action : and finally, by remarking that though the creation 
of species is a mystery, the extinction of them is going on 
in our own day. Hypotheses were suggested, too, by 
which it was conceived that the change of climate might 
be explained, which, as the consideration of the fossil 
remains seemed to show, must have taken place between 
the ancient and the modern times. In this manner the 
whole evidence of catastrophes was explained away : the 
notion of a series of paroxysms of violence in the causes 
of change was represented as a delusion arising from our 
contemplating short periods only in the action of present 
causes: length of time was called in to take the place of 
intensity of force : and it was declared that geology need 
not despair of accounting for the revolutions of the earth, 
as astronomy accounts for the revolutions of the heavens, 
hy the universal action of causes which are close at hand 
to us, operating through time and space without variation 
or decay. 

An antagonism of opinions, somewhat of the same 
kind as this, will be found to manifest itself in the other 
Palsetiological Sciences as well as in Geology; and it will 
be instructive to endeavour to balance these opposite 
doctrines. I will mention some of the considerations 
which beRr upon the subject. 

3. Is Unifmnity jn'obable d, prien'i ? — The doctrine of 
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Uaiformity in the course of nature has sometimes been 
represented by its adherents as possessing a great degree 
of d, priori probability. * It is highly unphilospphical, it 
bas been *urged, to assume that the causes of the geolo> 
gical events of former times were of a different kind from 
causes now in action, if causes of this latter kind can in 
any way be made to explain the facts. The analogy of 
all other sciences compels us, it was said, to explain phe- 
nomena by known, not by unknown, causes. And on 
these grounds the geological teacher recommended* “an 
earnest and patient endeavour to reconcile the indications 
of former change with the evidence of gradual mutations 
now in progress.” 

But on this we may remark, that if by known causes 
We mean causes acting with the same intensity which 
they have had during historical times, the restriction is 
altogether arbitrary and groundless. Let it be granted, 
for instance, that many parts of the earth’s surface are 
now undergoing an imperceptible rise. It is not pre- 
tended that the rate of this elevatiop is rigorously uni- 
form ; what, then, are the limits of its velocity ? Why* may 
it not increase so as to assume that character of violence 
which we may term a catastrophe with reference to all 
changes hitherto recorded ? Why may not the rate of 
elevation be such that we may conceive the strata to 
assume suddenly a position nearly vertical ? and is it, in 
fact, easy, to conceive a position of strata nearly vertical, 
a position which occurs so frequently, to be graditoUy 
assumed ? In cases where the strata are nearly vertical, 
as in the Isle of Wight, and hundreds of other places, or 
where they are actually inverted, as sometimes occurs, are 
not the causes which haip produced the effect as truly 
knoum causes, as those which have raised the coasts where 
we trace the former beach in an elevated terrace? If 

Lyblz., b. iv. c. 1, p. 328. 
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thd latter case proves slmo elevation, does not the former 
case prove rapid elevation ? In neither case have we any 
measure of the time employed in the change ; but does 
not the very nature of the results enable us to discern, 
that if one was gradual, the other was-*comparatively 
sudden ? 

The causes which are now elevating a portion of 
Scandinavia can be called known causes, only because we 
know the ej^ect . , Are not the causes which have elevated 
the Alps and the Andes known causes in the eame sense? 
We know nothing in. either case which confines the 
intensity of the force within any limit, or prescribes to it 
any law of uniformity. Why, then, should we make a 
merit of cramping our speculations by such assumptions ? 
Whether the causes of change do act uniformly ; — 
whether they oscillate only within naritiw limits^, — 
whether their intensity in former times was nearly the 
same as it now is ; — these are precisely the questions 
which we wish Nature to answer to us impartially and 
truly : where is t^en the wisdom of “ an earnest and 
patient endeavour ” to secure an affirmative reply ? 

Thus I conceive that the assertion of an d ptnori 
claim to probability and philosophical spirit in favour of 
the doctrine of uniformity, is quite untenable. We must 
learn from an examination of all the facts, and not from 
any assumption of bur own, whether the course of nature 
he uniform. The limit of intmisity being really uiiknown, 
catastrophes are just as probable as uniformity. If a 
volcano may repose for a thousand years, and then break 
out and destroy a city ^ why may not another volcano 
repose for ten thousand years, and then destroy a con- 
tinent; or if a continent, whyWiot the whole habitab|e 
surface of the earth ? 

4. Cycle of Umfortniiy this argument 

®iay be put in another form. When it is said that the 
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natpe ifl unifonn the wsertion is jiot intended 
^ ^clude certain, smaller yariationa of violence and rest, 
as vve J^ave just spoken of ;T--alteEnaM(ms of activity 
and repost in volcanos ; or earthquakes, deluges, and 
stqrins, , interjfa^sed ^ a more tranquil atate of things. 
T^ith “Regard to such occurrences, terrible, as they appear 
at the time, they may not much affect the average rate 
of change ; there may be a cycle, tliough an irregular one, 
of rapid and slow change ; and if such cycles go on suc- 
ceeding ea<!h other, w6 may still call the order of nature 
uniform, notwithstanding the p^iods of violence which 
it involves. The maximum and minimum intensities of 
the forces of mutation alternate with one another ; and wo 
may estimate the average course of nature as that which 
corresponds to something between the two extremes. 

»But if thus attempt to maintain the uniformity of 
nature by representing it a^a series of cycles, we find 
that we cannot discover, in this conception, any solid 
ground for excluding catastrophes. What is the length 
of that cycle, the repetition of^l^h constitutes uni- 
formity? What interval from the maximum to the 
minimum does it admit of? We may take for our cycle 
a hundred or a thousand years, but evidently such a pro- 
ceeding is altogether arbitrary. We mayncnark our cycles 
by the greatest known paroxysms of volcanic and terre- 
motive agency, but this procedure is no less indefinite 
and inc^clusi^^ than the other. 

iBut further; since the cycle in :which violence and 
rfepqse alternate is thus indefinite in its length ajjid in its 
range of activity, what, ground have fo;r assuming 
naore than one such cycle, extending from,, the. pfigin 

t ings td the present thne? |yjhy: jqay suppo^^ 

e inaximu^ |orce of ,thi||^]ii^s of .change to jja>lfttaken 
^iace at the p^fid^^pd the tep^epcy toyfuridS; the 

i|i^|iimh®i gone ever since ? Or jpstes.4 
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only one cycle, there may have been several, but of such 
length that our historical period forms a portion only of 
the last;— the feeblest portion of the latest cycle. And 
thus violence and repose may alternate upon a scale of 
time and intensity so large, that man’s experience sup- 
plies no evidence enabling him to estimate the amount. 
The course of things is uniformy to an Intelligence which 
can embrace the succession of several cycles, but it is 
catastrophic to the contemplation of man, whose survey 
can grasp a part only of one cycle. And thus the hypo- 
thesis of uniformity, since it cannot exclude degrees of 
change, nor Jimit the range of these degrees, nor define 
the interval of their recurrence, cannot possess any essen- 
tial simplicity which, previous to inquiry, gives it a claim 
upon our assent superior to that of the opposite cata- 
strophic hypothesis. * 

6. Uniformitarian Arff^ments are Negative only . — 
There is an opposite tendency in the mode of maintaining 
the catastrophist and the uniformitarian opinions, which 
depends upon them ftwdamental principles, and shows 
itself in all the controversies between them. The Cata- 
strophist is affirmati^, the Unifonnitarian is negative in 
his assertions: the former is constantly attempting to 
construct a theory ; the latter delights in demolishing all 
theories. The one is constantly bringing fresh evidence 
of some great past event, or series of events, of a striking 
and definite kind ; his antagonist is at every step 'explain- 
ing away the evidence, and showing that it proves nothing. 
One geologist adduces his proofs of a vast universal deluge; 
hut another endeavours to show that the proofs do not 
establish either the universality or the vastness of such an 
event. The inclined broken edges of a certain formation 
covered with their own fra||lents beneath Supeijaceut 
horizontal deposits "are at one time supposed to prove a 
catastrophic breaking up Of the earlier strata; but this 

VOL. 11. K 
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opaiOA is dolttroverted by showing that the same f0nna< 
tiona, when pursued into other countries, exhibit a uni- 
form gradation from the lower to the upper, with no 
trace of violence. Extensive and lofty elevations of the 
coast, continents of igneous rock, at first appear to indi- 
cate operations far more gigantic than those which now 
occur ; but attempts are spon made to show that time 
only is wanting to enable the present age to rival the past 
in the production of such changes. Each new fact ad- 
duced by the catastrophist is at first striking and appa- 
rently convincing ; but as it becomes familiar, it strikes 
the imagination less powerfully ; and the iiniformitarian, 
constantly labouring to produce some imitation of it by 
the machinery which he has so well studied, at last in 
every case seems to himself to succeed, so far as to destroy 
thC' effect of his opponent’s evidence. 

This is so with regard to ^ore remote, as well as with 
regard to immediate evidences of change. When it is 
ascertained that in every part of the earth’s crust the 
temperature increases as we descend below the surface, 
at first this fact seems to indicate a central heat : and a 
central heat naturally suggests ai^ earlier state of the 
mass^ in which it was incandescent, and from which it is 
now cooling. But this original incandescence of the 
globe of the earth is manifestly an entire violation of the 
present course of things ; it belongs to the catastrophist 
view, and the advocates of uniformity have to explain it 
away. Accordingly, one of them holds that this increase 
of heat in descending below the surface may vei7 possibly 
not go on all the way to the centre. The heat which in- 
creases .|t first as we descend, may, he conceives, after- 
wards decrease i and he suggests causes which may have 
produced such a sucoessioo of hotter and colder shblh 
within the mass of the earth. 1 have mentioned this 
suggestion in the History of Geology; and have given 
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my reasons for believing it altogether untenable*. Oth^r 
persons also, desirous of reconciling this sabterraneous 
heat with the tenet of uniformity, have offered another 
suggestion: — that the warmth or incandescence of the 
interior parts of the earth does not arise out of an ori- 
ginally hot condition from which it is gradually cooling, 
but results from chemical action constantly going on 
among the materials of the earth’s substance. And thus 
new attempts are perpetually making, to escape from the 
cogency of the reasonings which send us towards an ori- 
ginal state of things different from the present. Those 
who theorize concerning an origin go on building up the 
fabric of their speculations, while those who think such 
theories unphilosophical, ever and anon dig away the 
foundation of this structure. As we have already said, the 
uniformitarian’s doctrines are a collection of negatives. 

Tliis is so entirely the (»se, that the uniformitarian 
would for the most part shrink from maintaining as 
positive tenets the explanations which he so willingly 
uses as instruments of controversy. He puts forward his 
suggestions as difficulties, but he will not stand by them 
as doctrines. And thjs is in accordance with his general 
tendency ; for any of his hypotheses, if insisted upon as 
positive theories, would be found inconsistent with the 
assertion of uniformity. For example, the nebular hypo- 
thesis appears to give to the history of the heavens an 
aspect which obliterates all special acts of creation, 
for, according to that hypotljesis, new planetary systems 
are constantly forming ; but when asserted as the origin 
of our own solar system, it brings with it an original 
incandescence, and an origin of the organic world. And 
if, instead of using the chemical theory of subterraneous 
iteai to neutralize the evidence>of original incandOscenee, 
we assert it as a positive tenet, we can no longer main- 

* Hist. Ind, iSei., iii. 502, and note. 
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iiihe infitilt^ past diiration of the earth ; fop chemical 
ta^edf^ ak Wfell aa mechanical; tend to equilibiiiim.; and 
* that' condition Once attained, their efficacy ceases. Che- 
ihical affinities tend to form new compounds ; and though, 
when many and various elements are mingled together, 
the play of synthesis and analysis may go on for a long 
thnO, it must at last end. If, for instance, a large por- 
tion of the earth’s mass were originally pure potassium, 
we can imagine violent igneous action to go on so long 
as ahy part remained unoxidized ; but when the oxidation 
of the whole has once taken place, this action must be 
at an end; for there is in the hypothesis no agency 
which can reproduce the deoxidized metal. Thus a per- 
petual motion is impossible in chemistry, as it is in 
mechanics ; and a tlieory of constant change continued 
through infinite time, is untenable when asserted upon 
chemical, no less than upon mechanical principles. And 
thus the scepticism of the uniformitarian is of force only 
so long as it is employed against the dogmatism of the 
catastrophist. When the doubts are erected into dogmas, 
they are no longer consistent with the tenet of unifor- 
mity. When the negations becpme affirmations, the 
negation of an origin vanishes also. 

^I' Unifwmity in the Organic Wrytid . — In speaking of 
the violent^and sudden changes which constitute cata- 
strophes, our thoughts naturally turn at first to great 
mechanicd and physical effects; — ^ruptures and displace- 
ments of strata; extensive submersions and emersions of 
iahd; rapid changes of temperature. But the catastrophes 
lAhich we have to consider in geology aflfect the organic as 
Well as the inorganic world. The sudden extinction of one 
cbllection of species, and the introduction of another in 
tlillr place!, is a catastrophe,' even if unaccompanied by 
mechanical tiClenCe. Accordingly, the antagonism of 
catasttophist and unifoimit&rlatt school' has shown 
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itself; in jtkis department of tlje subject,; as, well as in the 
other^f: When geologists had: ,lirst discovered, that . the 
successive, strata are each distinguished , by approprir 
ate organic fossils, they assumed at once that each of 
these collections of living things belonged 'to a separate 
creation. But this conclusion, as I have already said, 
Mr; Lyell has attempted to invalidate, by proving that in 
the existing order of things, some species become extinct; 
and by suggesting it as possible, that in, the same order it 
may be true that new species are from time to, time pft- 
ducod, even in the present course of nature. And in 
this, as in the other part of tlio subject, he calls in the 
aid of vast periods of time, in order that the violence of 
the changes may be softened doM^n : and he appears dis- 
posed to believe that the actual extinction and creation 
of species may be so slow as to excite no more notice 
than it has hitKerto obtained; and yet may be rapid 
enough, considering the immensity of geblogical periods, 
to produce such a succession of different collections of 
species as we find in the strata of the earth’s surface. 

7. Ch'igin of the pi-esent Organic Wwld . — The last 
great event in the history of the vegetable and animal 
kingdoms was that by which their various tribes were 
placed in their present seats. And we may form vari- 
ous hypotheses with regard to the sudden or gradual 
manner in which we may suppose this distributiqp. to 
have taken place. We may assume tliat at the begin- 
ning of the present order of things, a stock of each |pecies 
"as placed in the vegetable or animal pvfrncf? to which 
it belongs, by some cause out of the common order of 
nature ; or Me may take a uniformitarian view of the 
subject, and suppose that the provinces of the prg^nje 
"orld derived their population from some anterior, stqte 
ef things by the operation of natural causes. 

Nothing has been pointed out in the ejfis^ng order 
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of things which has any analogy or resemblaneo, of any 
yalid kind,, to that creative energy which must be e:fprted 
m the production of a new species. And to assume the 
introduction of nfew species as a part of the order of 
Mature, without pointing out any natural fact with which 
such an evfet can be classed, would be to reject creation 
by an arbitrary act. Hence, even on natural grounds, the 
most intelligible view of the history of the animal and 
vegetable kingdoms seems to be, that each period which 
isflharked by a distinct collection of species forms a cycle ; 
and that at the beginning of each such cycle a creative 
power was exerted, of a kind to which there was nothing 
at all analogous in the succeeding part of the same cycle. 
If it be urged that in some cases the same species, or the 
same genus, runs through two geological formations, which 
must, on other grounds, be referred to different cycles of 
Creative energy, we may reply that the creation of many 
new species doelll not imply the extinction of all the old 
ones. 

Thus we are led by our reasonings to this view, that 
the present order of things was commenced by an act of 
creative power entirely different to any agency which has 
been exerted since. None of the influences which have 
modified the present races of animals and plants since 
they were placed in their habitations on the earth’s sur- 
face can have had any efficacy in producing them at first. 
We are necessarily driven to assume, as the beginning of 
the present cycle of oiganic natui’e, an event not included 
in the course of nature. And we may remark that this 
necessity is the more cogent, precisely because other cycles 
have preceded the present. 

8. NeMar Origin of the Solar System . — If we attempt 
to apply the same antithesis of opinion (the doctrines of 
caitastrophe and uniformity,) to the other sulgects of 
paifi^ological sciences, we shall be led to similar conclu- 
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sions. Thus if we turn our attention to astronomical 
paleefciology, we perceive that the nebular hypothesis has 
a uniformitarian tendency. According to this hypothesis 
the formation of this our system of sun, planets, and 
satellites, was a process of the same kind as those which 
are still going on in the heavens. One after another, 
nebulae condense into separate masses, which begin to^ 
revolve about each other by mechanical necessity, and 
form systems of which our solar system is a finished 
example. But we may remark, that the uniformitartan 
doctrine on this subject rests on most unstable founda- 
tions. We have as yet only very vagtfe and imperfect 
reasonings to show that by such condensation a material 
system such as ours could result ; and the introduction 
of organized beings into such a material system is utterly 
out of the reach of our philosophy. Here again, there- 
fore, we are led to regard the present order of the world 
as pointing towards an origin altogeth'er of a different 
kind from anything which our material science can grasp. 

9. Origin of Languages . — We may venture to say that 
we should be led to the same conclusion once more, if 
we were to take into our consideration those palsetiolo- 
gical sciences which are beyond the domain of matter; 
for instance, the history of languages. We may explain 
many of the differences and changes which we become 
acquainted with, by referring to the action of causes of 
change which still operate. But what glossologist will 
venture to declare that the efficacy of such causes has 
been uniform ; that the influences which mould a lan- 
guage, or make one language* differ from others of the 
same stock, operated formerly with no more efficacy than 
they exercise now. “Where,” as has elsewhere been 
asked, “do we now find a language in the process of 
formation, unfolding itself in inflexions, terminations, 
changes of vowels by grammatfcal relations, such ai cha- 
racterize the oldest known languages ?” Again, as another 
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hLOw Uttle the (history of languages suggests to the 
philosophical ,glossologi$t the persuasion of a uniform 
action of, the causes of change, I may refer to the 
OOHjecture of Dp. Pricl|Krd, that the varieties of language 
produced by the separation of one stocky, into several, 
have been greater and greater as we go backwards in 
history -that * the formation of sister dialects from a 
common language, (as the Scandinavian, German, and 
Saxon dialects from the Teutonic, or the Gaelic, Erse and 
Welsh from the Celtic,) belongs to the first millennium 
before the Christian era; while the formation of cognate 
languages of the same family, as the Sanskrit, Latin, Greek 
and Gothic, must be placed at least two thousand years 
before that era ; and at a still earlier period took place 
the separation of the great families themselves, the Indo- 
EuroiJean, Semitic, and others, in which it is now difli- 
cult to trace the feaCures of a common origin. No 
hypothesis except one of this kind will explain the exist- 
ence of the families, groups, and dialects of languages, 
which we find in existence. Yet this is an entirely dif- 
ferent view from that which the hypothesis of the uniform 
progress of change would give. And thus in the earliest 
stages of man’s career, the revolutions of language must 
have been, even by the evidence of the theoretical his- 
tory of language itself, of an order altogether different 
from any which have taken place wUhin the recent 
history of man. And we may add, that as the early 
stages of the progress of language must have been widely 
different from those later ones of which we can in some 
measure trace the natural causes, we cannot place the 
origin of language in any point of view in which it conies 
under the jurisdiption of natural causation at alL 
. 10. No Naiured Origin discoverable.— NVe are thus led 
W a survey pf seyeial of the pulaetiological sciences to a 
oonfirmatipn of the principle formerly asserted f, That 
* Bmarchet, ii., 224. f llitl. Ind. f^ci.y iii., 581. 
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in nb palRstiologioal science has man been able to arriv'd 
at a beginning 'which is homogeneous with the knovVtt 
course of events.- We can in such sciences often go very 
far back determine many of ifBI remote circumstances 
of the past series of events ;— ascend to a point which 
seems tO be near the origin ; — and limit the hypotheses re- 
sj)ecting the origin itself: — ^but philosophers never have 
demonstrated, and, so far as we can judge, probably never 
will be able to demonstrate, what was that primitive state 
of things from which the progressive course of the world 
took its first departure. In all these paths of research, 
when we travel far backw'ards, the asflfct of the earlier 
portions becomes very different from that of the advanced 
part on which we now stand ; but in all cases the path is 
lost in obscurity as it is traced backwards towards its 
starting point : — it becomes not only invisible, but unima- 
ginable; it is not only an interruption, but an abyss, 
which interposes itself between us and any intelligible 
beginning of things. 


Chapter IV. 

■ti ' 

OF THE RELATION OF TRADITION TO PALJi:- 

TIOLOGY. 

1. Importance of Tradition . — Since the Palaetiological 
Sciences have it for their business to study the train of 
past events produced by natural causes dow'n to the present 
time, the knowledge concerning such events which is 
supplied by the remembrance and records of man, in 
whatever form, must have An important bearing upbh 
these sciences^ All changes in the cBudition and extetit 
of land and sea, w’hich have taken place within' man’s ob- 
servation, ell effects of deluges, sea‘-waves, rivers,’ Springs, 
volcanos, (Earthquakes, aiid the like, which cbme within 
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thtf re&ch of human history, have a strong interest for 
the palsetiologist. Nor is he less concerned in all recorded 
instances of the modification of the forms and habits of 
plants and animals, by the operations of man, or by 
transfer from one land to another. And when we c6me 
to the Palsetiology of Language, of Art, of Civilization, 
we find our subject still more closely connected Avitli 
history; for in truth these are historical, no less than 
paleetiological investigations. But, confining ourselves at 
present to the material sciences, we may observe that 
though the importance of the information which tradition 
gives us, in the sciences now under our consideration, as, 
for instance geology, has long been tacitly recognised; yet 
it is only recently that geologists have employed themselves 
in collecting their historical facts upon such a scale and 
with such comprehensive views as are required by the 
interest and use of collections of this kind. The Essay 
of Von Hoff*, On the Natural Alterations in the Surface 
of the Earth which are proved by Tradition, was the work 
which first opened the eyes of geologists to the extent 
and importance of this kind of investigation. Since that 
time the same path of research has been pursued with 
great perseverance by oihers, especially by Mr. Lyell; 
and is now justly considered ' as an essential portion of 
geology. 

2. Connexion of Tradition and Science. — Events which 
we might naturally expect to have some bearing on geo- 
logy, are recorded in the historical writings which, even 
on mere human grounds, have the strongest claim to our 
respect as records of the early history of the world, and 
are confirmed by the traditions of various nations all over , 
the globe, ^namely, the formation of the earth and its 
population, and a subsequent deluge. It has been made 
■a matter of controversy how the narrative of these events 

* Vol. i., 1822; vol. ii., 1824. 
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iB to be understood, so as to make it agree with the facts 
wbif^h an Examination of the earth’s surface and of its 
vegetable and animal population discloses to us. Such 
controversies, when they are considered as merely archaeo- 
logical, may occur in any of the palaetiological sciences. 
We may have to compare and to reconcile the evidence 
of existing phenomena with that of historical tradition. 
But under some circumstances this process of conciliation 
may assume an interest of another kind, on which we 
will make a few remarks. 

3. Natural and Providential History of the World . — 
We may contemplate the existence of man upon the 
earth, his origin and his progress, in the same manner as 
we contemplate the existence of any other race of ani- 
mals ; namely, in a purely palaetiological view. We may 
consider how far our knowledge of laws of causation 
enables us to explain his diffusion and migration, his 
differences and resemblances, his actions and works. And 
this is the view of man as a member of the natural course 
of things. 

But man, at the same time the contemplator and the 
subject of his own contemplation, endowed with facul- 
ties and powers which make him a being of a different 
nature from other animals, cannot help regarding his own 
actions and enjoyments, his recollections and his hopes, 
under an aspect quite different from any that wq have 
yet had presented to us. We have been endeavouring 
to place in a clear light the Fundamental Ideas, such as 
that of Cause, on which depends our knowledge of the 
natural course of things. But there are other Ideas to 
which man necessarily refers his actions ; he is led by 
his nature, not only to consider his own actions, and 
those of his fellow-men, as springing out of this or that 
cause, leading to this or that material result; but also 
as good or bad, as what they ought or ought not to be. 



110 naMaopHY OK 

Haiioft Idieas df miMd rektions as weii as those I^as of 
ihateriai ’ relations with whieli we have hitherto bfeen 
ocoqined. I He is a moml ns well as a natural agent. 

■’ Gahtemplating himself and the world around him 
b^Uhe light of his Moral Ideas, man is led to the convic- 
tion that his moral faculties wero bestowed upon him by 
design and for a purpose; that he is the subgect ’of a 
moral government ; i*that the course of the world is 
directed by the Power which governs it, to the unfolding 
and perfecting of man’s moral nature ; that this guid- 
ance may be traced in the career of individuals and of 
the world ; that there is a providential as well as a natural 
course of things. - 

Yet this view^ is beset by ‘no small difficulties. The 
full development of man’s moral faculties; — the perfection 
of his nature up to the measure of his own ideas the 
adaptation of his moral being to an ultimate destination, 
by its transit through a world full of moral evil, in which 
each has his share ; — are effects for which the economy of 
the world appears to contain no adequate provision. 
!Man, though aware of his moral nature, and ready to 
believe in an ultimate destination of purity and blessed- 
ness, is too feeble to resist the temptation of evil, and to 
restore his parity when once lost. He cannot but look 
for some confirmation of that providential orderw'hich he 
has begun to believe; some provision ffir those defi- 
ciencies in his moral condition which he has begun to feel. 

He looks at the history of the World, and he' ‘finds 
that at a certain period it offers to him the promi^ of 
what he seeks/ AVhen the natural powers of maii had 
been developed to their full extent, and were beginning 
to exhibit ^mptoms of decay; when the intelheCtual 
progress of the world appeared to have reached its limit, 
iwithbut supplying man’s moral 3ieeds ; we find the great 
Epoch in tiie' Providential ‘ liisto^. of ; the iworld. • We 
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find tbO announcement of a Dispensation by lyhich man’s 
deficiencies ' shall be supplied and his aspirations ful- 
filled: we find a provision for the purification, the support, 
and the ultimate beatification of those who use the pro- 
vided means. And thus the providential course of the 
world becomes consistent and intelligible. 

^. The Soared Narraiive . — But with the new Dispen- 
sation, we receive, not only an account of its own scheme 
and history, but also a written narrative of the providen- 
tial course of the world from the earliest times, and even 
from its first creation. This narrative is recognized and 
authorized the new dispensation, and accredited by 
some of the same evidences as the dispensation itself. 
That the existence of such a sacred narrative should be a 
part of the providential order of things, cannot but appear 
natural ; but naturally also, the study of it leads to some 
difficulties. 

The sacred narrative in some of its earliest portions 
speaks of natural objects and occurrences respecting 
them. In the very beginning of the course of the world, 
we may readily believe (indeed as we have seen in the 
last chapter, our scientific researches lead us to believe) 
that such occurrences were very different from anything 
which now takes place ;^-different to an extent.. and in a 
manner which we cannot estimate. Now the narrative 
must speak of objects and occurrences in the words and 
phrases which have derived their meaning from their ap- 
plication to the existing natural state of things. When 
applied ;to an initial supernatural state therefore, these 
words and phrases cannot help being-* to us obscure and 
mysterious, perhaps ambiguous and seemingly contra- 
dictoiiy. 

Diffioidim in interpreting the Saa'ed, NarraHve.-r^ 
The moral and providential relations* of man’s condition 
are so much more important to Mm thian mere natural 
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redationn^ that at first wa may well suppose he will accept 
the Sacred Narrative, as not only unquestionable in its 
true import, but also as a guide in his Views even of ibere 
natural relations. He will try to modify the conceptions 
*which he entertains of objects attd their properties, so 
that the Sacred Narrative of the supernatural condition 
shall retain the first meaning which he had put upon it in 
virtue of his own habits in the usage of l&nguage. 

But man is so constituted that he cannot persist in 
this procedure. The powers and tendencies of liis intel- 
lect are such that he cannot help trying to attain true 
conceptions of objects and their properties •by the study 
of things themselves. For instance, when he at first 
read of a firmament dividing the waters above from the 
waters below, he perhaps conceived a transparent floor in 
the skies, on which the superior waters rested which 
descend in rain ; but as his observations and his reason- 
ings satisfied him that such a floor could not exist, he 
became willing to allow (as St, Augustine allowed) that 
the waters above the firmament are in a state of vapour. 
And in like manner in other subjects, men; as their views 
of nature became more distinct and precise, modified, so 
far as it was necessary for consistency’s sake, their first 
rude interpretations of the Sacred Narrative; so that, with- 
out in any degree losing its import as a view of the 
providential course of the world, it should be so conceived 
as not to contradict what they knew of the natural order 
of things. 

But this accommodation was not always made without 
painful struggles and angry controversies. When men 
had conceived the occurrences of the Sacred Narrative in 
a particular manner, they could not readily and willingly 
adopt a new mode of conception ; and they resisted all 
attempts to recommend it to them, as attacks upon the 
sacredness of the Narrative. They had clothed their 
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belief of tibye workings of Providence in certain images; 
and tbej clung to those images with the persuasion that 
without them their belief could not subsist. Thus 
tliey» imagined to themselves that the earth was a flat 
floor, solidly and broadly laid for the convenience of 
man, and they felt as if the kindness of Providence was 
disparaged, when it was maintained that the earth was a 
globe held together only by the mutual attraction of its 
parts. ,, 

The most memorable instance of a struggle of this 
kind is to be found in the circumstances which attended 
the introduction of the Heliocentric Theory of Coperni- 
cus to general acceptance. On this controversy I have 
already made some remarks in the History of Science*, 
and have attempted to draw from it some lessons which 
may be useful to us when any similar conflict of opinions 
may occur. I will here add a few reflections with a 
similar view. ^ 

6. Smh difficulties inevitable . — In the first place, I 
remark that such modifications of the current interpre- 
tation of the words of Scripture appear to be an inevitable 
consequence of the progressive character of Natural 
Science. Science is constantly teaching us to describe 
known facts in new language, but the language of Scrips 
ture is always the same. And not only so, but the lan- 
guage of Scripture is necessarily adapted to the common 
state of man’s intellectual development, in which he is 
supposed not to be possessed of science. Hence the 
phrases used by Scripture are precisely those which science 
soon teaches man to consider as inaccurate. Yet they 
are not on that account the less fitted for their proper 
pur})ose : for if any terms had been used, adapted to a mmre 
advanced state of knowledge, they must have been unin- 
telligible among those to whom the Scripture was first 
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addeo^sed. If the Jewa had been told that water existed 
iili, i|he clouds in small drops, they would have ai^rveUed 
that it did not donstantl]^ descend ; and to have explained 
the reason of this, would have been to teach Atmology in 
the sacred writings. If they had read in their Scripture 
that the earth was a sphere, when it appeared to be a 
plain, they would only have been disturbed in their 
thoughts or driven to some wild and baseless imagina- 
tions by a declaration to them so strange. If the Divine 
Speaker, instead of saying that he would set his bow in 
the clouds, had been made to declare that he would 
give to water the property of refracting different colours 
different angles, how utterly unmeaning to the hearers 
would the words have been! And in these cases, the 
expressions, being unintelligible, startling, and bewilder- 
ing, would have been such as tended to unfit the Sacred 
J^arra^ve for its place in the providential dispensation of 
the world. t 

Accordingly, in the great controversy which took 
place in Galileo’s time between the defenders of the then 
customary interpretations of Scripture, and the assertors 
of the Copemican system of the universe, when the inno- 
vators were upbraided with maintaining opinions contrary 
t0« Scripture, they replied that Scripture was not intended 
to teach men astronomy, and that it expressed the acts of 
divine power in images which were suited to the ideas of 
unscientific men. To speak of the rising and setting and 
travelling of the sun, of the fixity and of the foundations 
of the earth, was to use the only language whieh would 
have made the Sacred Narrative intelligible. To extract 
from these and the like expressions doctrines of science, 
wa^ they declared, in the highest degree unjustifiable; and 
such a course could lead, they held, to no result but a 
weakening of the authority of Scripture in proportion as 
its credit was identified with that of . these diodes of 
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applying it* And this j advent has since bOen generally 
assented^ to bj.thrae who most revetenoe and value the 
study of *the designs of Provident as well as that of the 
works of jiature. ' 

^7. Sehence teUs ua nathit^ coneeming Crmtim . — Other 
apparent difiioulties arise from the accounts given in 
the Scripture of the first origin of the world in which 
we live: for example, light is represented as created 
iMjfore the sun. With regard to difficulties of this kind, 
it appears that we may derive some instruction from the^ 
result to which we were led in the last chapter; — ^namely, 
that in the sciences which trace the progress of natural 
occurrences, we can in no case go back to an origin, bu# 
in every instance appear to find ourselves separated from 
it by a state of things, and an order of events, of a kind 
altogether different from those which come under our ■« 
experience. The thread of induction respecting the 
natural course of the world snaps in our fingers, when we 
try to ascertain where its beginning is. Since, then, 
science can teach us nothing positive respecting , the 
beginning ef things, she can neither contradict nor con- 
firm what is taught by Scripture on that subject ; and 
thus, as it is unworthy timidity to fear contradiction, so* 
is it ungrounded presumption to look for confirmation in 
such cases. The. providential history of the world has its 
own beginning, and its own evidence; and we can only 
render the system insecure, by making* it lean on our 
material sciences. If any one were to suggest that the 
iiebulw hypothesis Countenances the Scripture history of 
the formation of this system, by showing how the lumi-- 
nous matter of the sun might exist previous to the sun 
itself, wo*^uld <act ^i^ly W rejecting such an attempt ^ 
to weaveivtogether these two, ;heterogeueous threads;^ 
the ^ a prcvldential ssheme, the dthfpmfriig'-r' 

nient phyii^ jspecuifttion, , 

VOk. II. 
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ttooi© li«90(nt of ‘tlte tr^ philoio- 
|il^^'ici^8h<J^il \^%161i’lt ii^ our objek to tolloot^ by Mteud- 
#r iW i^brtidii* of scieiiteo irliich haW|»6no through' »ach 
we fire new considering; nor it it requisite, for 
fills' purpose; to bring forwirds any subjects which are 
to httder disenssion. It may, however, be men tinned 
that dUCh maxims as we are now endeavouring to establish, 
hrid the one before us in particular, bear with a peculiar 
fbWfe upon those Palaetiological Sciences of which we have 
kbeen treating in the present Book. . 

8. Scientific views, when familiav, do nM disturb the 
dtx^urity of Scripture . — ^There is another reflection which 
fnay serve to console and encourage us in the painfiil 
struggles which thus take place, between those who main- 
tain interpretations of Scripture already prevalent and 
those who contend for such new ones as the new dif- 
Coveries of science require. It is this ; — that though the 
iiew opinion is resisted by one party as something 
destructive of the credit of Scripture and the reverence 
which is its due, yet, in fact, when the new interpretation 
has been generally established and incorporated with 
men’s current thoughts, it ceases to disturb their views 
bf the authority of the Scripture t>r of the truth of its 
teaching.^ When the language of Scripture, invested 
with its new meaning, has become iaqiiliar to men, it is 
found that the ideas which it calls up are quite as recon- 
dleable as the former ones were with the most entire 
acceptance of the providential dispensation. And when 
this has been found to be the case, all cultivate persons 
look hack with (Wirprise at tiie mistake of those who 
thought that the essence of the revelation Was involved 
in their own arbitrary version of some collateral circum- 
stance in the wvealed narrative. At the presOi|tiday, we 
i^n hardly conceive hoW reasonable men -could ever have 
imagined that religious reflections on the stability -of the 
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eiurtii^ 6n^vtl*«tbea«ty.^aw4 ttW; pf tMe luiniusrieBvr^ 
reYoliie rpqpd It, WGuld be Ipt^rfer^ :with by an iK^PlYf 

ledgnx^t that, this vest an4 mottoa are apparent only 
And ;thua> the authority of revelation is pot shaken by 
any phai^es introduped by the progress of science in the 
mode of interpiseting expressions which describe physical 
objects and occurrences; provided the new interpretation 
is admitted at a proper season, and in a proper spirit ; 
so as to soften, as much as possible, both the public con* 
troversies and the private scruples which almost inevit* 
ably accompany such an alteration. 

9. When should old Interpretations be given up JBpt 
the question then occurs, What is the proper season for 
a religious and enlightened commentator to make such 
a change in the current interpretation of sacred Scrip* 
ture? At what period ought the established exposition 
of a passage to be given up, and a new mode of under- 
standing the passage, such as mr seems to bey required 
by new discoveries respecting the laws of nature, accepted 
in its place I It is plain, that to introduce such an alter- 
ation lightly and hastily would be a procedure fraught 
with inconvenience ; for if the change were made in such 
a manner, it might b^ afterwards discovered that it had 
been adopted without sufficient reason, and that it was 
necessary to reinstate the old exposition. And the minds 
of the readers of Scripture, always to a certain extent 
and for a time disturbed by the subversion of their long* 
et^blisbed notions, would be distressed without any 
need, anft might be seriously unsettled. While, on the 
other hand, a too protracted and obstinate resistance to 
the inuovatlon; on the part of the scriptural eXpOsitorSt 
would tend to identify, at least in the minds of manyv 
the aulhi|tity of the Scripture with the truth of the expo- 
sition^ add ‘therefore would bring ^soredit mpmt 'the 

* I ■^ye kere bortowe^i a yijtif^nce oi^ two' hoiri tny oWti ' 
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jM}jrf/pr;9w^ tQbeimwteiiaWe.i 
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^nitaries of the Jlbrnan Catholic churcli, 
^otrtho> oee^W ofi the, great, Coperuican controversy 
4)e!gun^ by; Galileo, seems well worthy of our attention, 
^^he 'following was the opinion given by Cardinal Bellar- 
jainoxat the time :•>-** When a shall be 

found to establish the earth’s motion, it will be, proper to 
internet the sacred Scriptures otherwise than they have 
hitherto been interpreted in those passages where men* 
tlonisjmade of the stability of the earth and movement 
ef the; heavens.’:’ ^his appears to be a judicious and 
reasonable, maxim for such cases in general. So long as 
the supposed scientific discovery is doubtful, the exposi- 
tion of the meaning of Scripture given by commentators 
of established credit is not wantonly to be disturbed: 
buti When. a scientific Jiheory, irreconcileable with this 
an^ei^ interpretation, is clearly proved, we must give up 
the ' interpretation, and seek some new mode of under 
Standing the .passage in question, by, means of which il 
way he it^nsistent-irith what we know ; for if it be not, 
our conception of the things so described is no longer 
consistent yvith itself; 

n it may be said that this rule is indefinite, for who 
Shall decide when a new theory is completely demoii- 
atratedii ahd^ the tdd interprdi£d;iQn become untenable? 
Bub tO. thiSi^e may reply, tliatif the mle .be assented to, 
its .appHcatima will > not 1^ veiy difficult. For when men 
Iwve .’admitted !as a general rule, that, the Qnrrent inter- 
PfCtatiegi of yscriptural expressions .respectiagi natural 
ohj««t»r.a)nd e^yentSit may iposaiblya require,, and, ,bi , some 
eafiies • oertaiidy will < i^equiret tei jnd nevf 

(^[adihittjEdi>4b0^;Wili<fhardjlyr aUow, thei»a4^i«sitc,<?P“'f 
tendniop: sutsh Jntei^retatienfliaai# ithey- wcrei 
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exposition, whether it conie- «^fier' br5|at<Jt*,‘'iWiikho^^ 
aiarfn'^Oi’ huger; 'A»d*when iweil lend" tJii^hlsel'tesftfe the 
progi^ss <^‘»truth 'ins this spirit, it iS’ ttot <^ {iny'ihah^rM 
importance at what period a new and satisfiictory ihteis 
pretatitn* of the scriptural difficulty is fomid j ' since ‘-h 
scientific nkacthess in our apprehension of the in^nio|' 
of sscfr passages as are now referred to is very fiar ffOto 
being essential to our full acceptance of revelation. i'-'i 
10. 'In what Spirit should the Change be dcoepted 0-^ 
Still these revolutions in scriptural interpretation must 
always have in them something which distresses and dis^ 
turbs religious communities. And such uneasy feelings 
will take a different shape, according as the community 
acknowledges or rgects a paramount interpretative 
authority in its religious leaders. In the case in which 
the interpretation of the Church is binding upon all its 
members, the more placid minds rest in peace upon the 
ancient exposition, till the spiritual authorities announce 
that the time for the adoption of a new view has arrived ; 
but in these Circumstances; the more stirring and inqut- 
sitive minds, which cannot refrain from the pursuit of 
new truths and exact conceptions, are led to opinions 
which, being contrary to those of the Church, are held 
to be sinful. On the other hand, if the religious coiUititu- 
tion of the community allow and encourage each man to 
study and interpret for himself the Sacred Writing^’ we 
are met by evils of another kind. In this case; althoUgl]^ 
by the unforced influence of admired commentator^ thmW 
may prevaiP a general agr^tnent in the usual int<wpreta^ 
tion of difficult passages, yet; as etufii reader of the Soiripi 
ture locks' upon the sCnse Which he hat adopf^ed' ns lmblg 
bis oivn;iAtteipytefdoni' b® inainitalii^ it, not with^'i^^ 
tranquil^(|Qieseeneie’ of one‘ who ’ faas^depolsRted’iilst judgu 
ment in the bands bf ^is Chnroht http wiUi teo^ahesd 
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6^ s^lf-Ioye. Itt'SUch a' state’ of things, 
tlifeupi tio Jtidibial severities can ba employed against the 
ihhfbvatohs, there may arise more angry controversies than 
in the other case. 

‘ It is Impossible to overlook the lesson which here 
offers itself, that it is in the highest degree unwise in 
the friends of religion, whether individuals or commu- 
nities, unnecessarily to embark their credit in expositions 
of Scripture on matters which appertain to natural 
science. By delivering physical doctrines as the teaching 
of revelation, religion may lose much, but cannot gain 
anything. This maxim of practical wisdom has often 
been urged by Christian writers. Thus St. Augustin 
says*: **In obscure matters and things far removed from 
our ionses, if we read anything, even in the divine 
Scripture, which may produce diverse opinions without 
damaging the faith which we cherish, let us not rush 
headlong by positive assertion to either the one opinion 
or the other ; lest, when a more thorough discussion has 
shown the opinion which we had adopted to be false, our 
faith may fall with it: and we should be found con- 
tending, not for the doctrine of the sacred Scriptures, but 
for our own ; endeavouring to make our doctrine to be 
that of the Scriptures, instead of taking the doctrine of 
the Scriptures to be ours.” And in nearly the same 
spirit, at the time of the Copernican controversy, it was 
thought proper to append to the work of Copernicus a 
postil, to say that the work was written to accotint for 
the phenomena, and that people must not run on blindly 
and condemn either of the oppdsite opinions. Even when 
the Inquisition, in 1616, thought Itself compelled to 
pronounce a division upon this subject, the verdict was 
delivered in Very moderate language that “the doctrine 
of the Orth’s motion appeared to be contrary to* Scrip- 

Lib.'!. de ^eheti, eap. 16. 
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ture:” «ad yet, moderate as tbis e^pi!essiDnia,it bail been 
blamed by judicious members of tbe Roman church f3 
deciding a point such as religious authorities ought not 
to pretend to decide ; and has brought upon that church 
no ordinary weight of general condemnation- Kepler 
pointed out* in his lively manner, the imprudence of 
employing the force of religious authorities on such sub- 
jects: Acies dolaira in ferrum iUisa, postea nee in Ugnum 
mkt amplins. Capiat hoc cujas interest. “ If you wiU try 
to chop iron, the axe becomes unable to cut even veood.” 

11. In whai Spirit, shoidd the Change be urged f — But 
while w'e thus endeavour to show in what manner the 
interpreters of Scripture may most safely and most pro- 
perly accept the discoveries of science, we must not 
forget that there may be errors committed on the other 
side also ; and that men of science, in bringing forward 
views which may for a time disturb the minds of lovers 
of Scripture, should consider themselves as bound by 
strict rules sof candour, moderation, and prudence. In- 
tentionally to make their supposed discoveries a memis 
of discrediting, contradicting, or slighting the sacred 
Scriptures, or the authority of religion, is in them unpar- 
donable. As men who make the science of Truth the 
business of their lives, and are persuaded of her genuine 
superiority, and certain of her ultimate triumph, they are 
peculiarly bound to urge her claims in a calm and temr 
perate spirit ; not forgetting that there are other kinds 
of truth besides that which they peculiarly study. They 
may properly reject authority in matters of science ; but 
they are to leave it its proper office in matters of religionf 
I may heie again qSote Kepler’s expressions: “In Thfjo- 
logy we balance authorities, in Philosophy we >yeigh 
reasons. A holy was Laetantius who, denied that 
the earth round ; a holy man wa# At^tio, who 
granted the rotmadity, but d^niod tH antipodes : a holy 
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tbing tb metis the loquisitmn, which allows the smallness 
of th# earth) but denies its motion ; but more holy to me 
is Truth; and hence I prove, from philosophy, that^ the 
^rth is round, and inhabited on every side, of small size, 
and in motion among the stars, — and this I do with no 
disrespect to the Doctors.” I the more willingly quote such 
a passage from Kepler, because the entire ingenuousness 
and sincere piety of his character does not allow us to 
suspect in him anything of hypocrisy or latent irony. 
That similar professions of respect may be made ironi- 
cally, we have a noted example in the celebrated Intro- 
ductiol^to Galileo's Dialogue on the Copemican System ; 
probably the part which was most oflFensive to the autho- 
rities. “ Some years ago,” he begins, “ a wholesome edict 
was promulgated at Rome, which, in order to check the 
perilous scandals of the present age, imposed silence upon 
the Pythagorean opinion of the mobility of the earth. 
There were not wanting,” he proceeds, “ persons who 
rashly asserted that this decree was the result, not of a 
judicious inquiry, but of passion ill-informed ; and com- 
plaints were heard that counsellors, utterly unacquainted 
with astronomical observation, ought not to be allowed, 
with their sudden prohibitions, to clip the wings of spe- 
culative intellects. At the hearing of rash lamentations 
like these, my zeal could not keep silence." And he then 
goes on to say, that he wishes, in his Dialogue, to show 
that the subject had been fully examined at Rome. 
Here' the irony is quite transparent, and the sarcasm 
glaringly obvious. I think we may venture to say that 
this is not the temper in which science qaestiohs should 
be treated; although by some, perhaps, the prohibition of 
public discussion may be considered as justifying any 
evasion whic^ is likely to pass unpunished, 

\% -^Dvily of Mutual •i^or^sum«ce.--^We*ihay;aidd, as a 
further reason for mutual forbearance in such cases, that 



RELATIOl^OF TBAWTION TO'PAl/JmOLOGY. 158 

the true interests of both parties are the same. The man 
of ^ience is concerned, no less than arty other person, in 
the truth and import of the divine dispensation ; the reli- 
gious man, no less than the man of science, is, by the 
nature of his intellect, incapable of believing two contrai- 
dictory declarations. Hence they have both alike a need 
for understanding the Sci^ture'in some way in which it 
shall be consistent with their understanding of nature; 
It is for their connnon advantage to "conciliate, as Kepler 
says, the finger and the tongue of God, his works and 
his word. And they may find abundant reason to bear 
with each other, even if they should adopt for ffBs pur- 
pose different interpretations, each finding one satisfactory 
to himself ; or if any one should decline employing his 
thoughts on such subjects at all. I have elsewhere* 
quoted a passage from Kepler f which appears to me 
written in a most suitable spirit : “ T besd’ech my reader 
that, not unmindful of the Divine goodness bestowed upon 
man, he do^ith me praise and celebrate the wisdom of 
the Creator, which I open to him from a more inward 
explication of the form of the world, from a searching of 
causes;, from a detection of the errors of vision ; and that 
thus not only in the firmness and stability of the earth may 
we perceive with gratitude the preservation of all living 
things in nature as the gift of God : but also that in its 
motion, so recondite, so admirable, w’e may acknowledge 
the wisdom of the Creator. But whoever is too dull to 
receive this science, or too w'eak to believe the Coper- 
nican system without harm to his piety, him, I say, I 
advise that, lea vi^ the school of astronomy, and eon- 
demningyif so he pl^se, apy doctrines of the philosopberj^ 
he follow his own path, and desist from this wandering 
through the universe ; and that, lifting up las Batumi 
eyes twith which alone he can see, he pour*' himself out 
* TV’;, b. 314.' ' 
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fW»tti'hk) own heart In worship of God the Creator, being 
eertaih that he gives no less worship to God than the 
astronomer, to whom God has given to see more clearly 
with his inward eyes, and who, from what he has himself 
discovered, both can and will glorify God.” 

13. Case of Galileo . — I may perhaps venture hm?e to 
make a remark or two upon ^is subject with reference 
to a charge brought against a certain portion of the His- 
toi'y of the Inductive Sciences. Complaint has been made* 
that the character of the Roman church, as shown in its 
behaviour towards Galileo, is misrepresented in the ac- 
count ftven of it in the History of Astronomy. It is 
asserted 'that Galileo provoked the condemnation he 
incurred ; first, by pertinaciously 'demanding the assent 
of the ecclesiastical authorities to his opinion of the con- 
sistency of the Copernican doctrine with Scripture ; and 
afterwards by contumaciously, and, as we have seen, con- 
tumeliously violating the silence which the Church bad 
enjoined upon him. It is further declared that the 
statement which represents it as -the habit of the Roman 
church to dogmatize on points of natural science is un- 
founded ; as well as the opinion that in consequence of 
this habit, new scientific truths were promulgated less 
boldly in Italy than in other countries. I shall reply very 
briefly on these subjects ; for the decision of them is by 
no means requisite in order to establish the doctrines to 
which I have been led in the present chapter, nor, I hope, 
to satisfy my reader that my views have been collected 
from an impartial consideration of scientific history. 

With regard to Galileo, I do ng^ think it can be 
denied that he obtruded his opinions upon the ecclesias- 
tical authorities in an unnecessary and imprudent manner. 
He was of an ardent character, strongly convinced him- 
self, and urged on still more by the conviction which he 
* Dublin Retfew, No. ix., July, 1838, p. JS, 
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produced -among' hie dieciplest and thus he became impa- 
tient for the triumph of truth.^ This judgment of him has 
recently been delivered by various independent autho- 
rities, and has undoubtedly considerable foundation *. As 
to the question whether authority in matters of natural 
science were habitually claimed by the authorities of the 
Church of Rome, I have to allow that I cannot produce 
instances which establish such a habit. We who have 
been accustomed to have daily before,our eyes the Moni- 
tion which the Romish editors of Newton thought it 
necessary to prefix — Cesterum latis a summo Pontijice con- 
tra tdluris motum Decretis, nos ohsequi j)roJHemuff>—vfQVQ 
not likeiy to conjecture that this was a solitary instance 
of the interposition of the Papal authority on such sub- 
jects. But although it would be easy to find declarations 
of lieresy delivered by Romish Universities, and writers 
of great authority, against tenets belonging to the natural 
sciences, I am not aware that any other case can be 
adduced in Which the Church or the Pope can be shown 
to have pronounced sueh a sentence. I am well con- 
tented to acknowledge this; for I should be far more 
gratified by finding myself compelled to hold up the 
seventeenth century as a model for the nineteenth in this 
respect, than by having to sow enmity between the 
admirers of the past and the present through any dispa- 
raging contrast f. 

* Besides the Dublin Review, I may quote the Edinburgh Review, 
which I suppose will not bo thought likely to have a bias in favour of 
the exercise of ecclesiastical authority in matters of science ; though 
certainly there ds a puerility in the critic’s phraseology which does not 
add to tho weight of Jrts judgment. “ Galileo contrived to surround 
the truth with every variety of obstruction. The tide of knowledge, 
which had hitherto advanced in peace, ho crested witli angry breakers^ 
and he involved in its surf both his friends and his iova”—Ed. Rev,, 
No. cjcxjii. p. 126. 

t 1 hjay add that the most candid of the adherents of tho Church 
of Rome condemn the assumption of autboiity in matters of science, 
uiade, in this one instance at least, by the ecclesiastical t|ibnnals. The 
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. . iWithtrespecfe to the attempt mad«!i in to 

characterize the io^iellectual habits ofilttUy ais ppodaoed by 
her reiigious condition,— certainly 16 would illibecome any 
student of the history of science to sp^fc sli^htihgly of 
that country, always the mother of scimceSj always ready 
to catch the dawn and hail the rising of any new ii^it of 
knowledge. But I think aur admiration of this activity 
and acuteness of mind is by no means inconsistent with 
the opinion, that jiew truths were promulgated more 
boldly beyond the Alps, and that the subtil ty of the 
Italian intellect loved to insinuate what the rough Ger- 
man bluntly asserted. Of the decent duplicity with which 
forbidden opinions were handled, the reviewer himself 
gives us instances, when he boasts of the liberality with 
which Copernican professors were placed in important 
stations by the ecclesiastical authorities, soon after the 
doctrine of the motion of tho earth had been declared by 
the same authorities contrary to Scripture. And in the 
same spirit is the process of demanding fi'em Galileo a 
public and official recantation of opinions which he had 
repeatedly been told by bis ecclesiastical superiors he 
might hold as much as he pleased. I think- it i& easy to 
believe that among i)ersons so little careful to reconcile 
public profession with private conviction, official decorum 
M'as all that was demanded. When Galileo had made his 
renunciation of the earth’s motion on his knees, he rose 
and said, as we are told, E pur si mmte ^ — “and yet it does 
move.” This is sometimes represented as the heroic soli- 
loquy of a mind cherishing its conviction of the truth, in 
spite of persecution ; I think we may more naturally con- 
ceive it uttered as a playful epigraiU the ear of a car- 
dinal’s secretary, with a full knowledge that it would be 
immediately repeated to his master. ■ • 

author of the Aget. of Faith (Book yiii, p. sayp, “ A Congreg*' 
fioh, it is to he lamented, declared the neW system to be opposed to 
Scripture, and therefore heretical.” 
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Besides the ('Ideas ! involved in the material Boiehces, 
of which' wp faa^ ilteady examined the pdncipal onesj 
there is ‘.on^ idea or Conception which our Sciences do 
not indeed include, but to which they not obscurely point; 
and the importance of this Idea will make it proper to 
speak of it, though this must be done very briefly. 


Chapter V. 

OP THE CONCEPTION OF A FIRST CAUSE. 

1. At the end of the last chapter but one, we were le<i, 
to this result, — that we cannot, in any of the Palsetiolo- 
glcal Sciences, ascend to a beginning which is of the same 
nature as the existing cause of events, and which depends 
upon causes that are still in operation. Philosophers 
never have demonstrated, and probably never will be able 
to demonstrate, what was the original condition of the 
solar system, of the ea^th, of the vegetable and animal 
worlds, of languages, 'of arts. On all these subjects the 
course of investigation, followed backwards as far as our 
materials allow us to pursue it, ends at last in an impe- 
netrable gloom. We. strain our eyes in vain when we 
try, by our natural faculties, to discern an Origin. 

2. Yet speculative men have been constantly employed 
in attempts to arrive at that which thus seems to be 
placedfOut of their reach. The Origin, of Languages, the 
Origin of the present Distribution of Plants and Animals* 
the OpgiR pf the Barth, have been common subjects pf 
diligent and persevering inquiry. Indeed inquiries re-? 
spectjng suchfSahjects have been, at least till lately*, the> 
asual form which PalaJtiqtogicaiV researches have jassumed. 
Cosmogony, the origin of the world, of which, in such 
spechlatloj^j^ the earth \vas' cqnsidered as a principal 'patt, 
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ha§ bden a favouirite study both of ancient and of modern 
times : and most of the attempts at Geology previous to 
the present period have been Cosmogmies or Geogmies, 
rather than that more genuine science which we have 
endeavoured to delineate. Glossology, though now an 
extensive body of solid knowledge, was mainty' brought 
into being by inquiries concerning the original language 
spoken by men ; and the nature of the first separation 
and diffusion of languages, the first peopling of the earth 
by man and 'by animals^ were long sought after with ardent 
curiosity, although of course with reference to the autho- 
rity of the Scriptures, as well as the evidence of natural 
^henomei^ Indeed the interest of such inquiries even 
yet is far from being extinguished. The disposition to ex- 
plore the past in the hope of finding, by the light of natural 
reasoning as well as by the aid of revelation, the origin 
of the present course of things, appears to be unconquer- 
able. What was the beginning? is a question which the 
human race cannot desist from perpetually asking. And 
no failure in obtaining a satisfactory answer can prevent 
inquisitive spirits from again and again repeating the 
inquiry, although’ the blank abyss into which- it is uttered 
does not even return an echo. 

3. What, then, is the reason of an attempt so perti- 
nacious yet so fruitless? By what motive are we im- 
pelled thus constantly to seek what we can never find ? 
Why are the error of our conjectures, the futility of our 
reasonings, the precariousness^of our interpretations, over 
and over a^in proved to us in vain ? Why is it impos- 
sible for us to acquiesce in our ignorance and to relinquish 
the inquiry? Why cannot we content ourselves with 
examining those links of the chain of causes which are 
nearest to us; — those in which the connexion is intelligibl® 
and clear ; instead of fixing our attention upon those 
remote portions where we can flo longer estimate Its co- 
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hereocel la short, why did not men from the first take 
for the subject of their speculations the Course of Nature 
rather than the Origin of Things ? 

To this we reply, that in doing what they have thus 
done, in seeking what they have sought, men are impelled 
by an intellectual necessity. They cannot conceive a 
series of connected occurrei^es without a commence* 
ment ; they cannot help supposing a cause for the whole, 
as well as a cause for each part ; they cannot bo satisfied 
with a succession of causes without assuming a First 
Cause. Such, an assumption is necessarily impressed 
upon our minds by our contemplation of a series of causes 
and effects ; that there must be a First Cause, in accepted, 
by all intelligent reasoners as an Axiom : and like other 
Axioms, its truth is necessarily implied in the Idea which 
it involves. 

4. The evidence of this axiom may be illustrated in 
several ways. In the first place, the axiont is assumed 
in the argument usually offered to prove the existence of 
the Deity. Since, it is said, the world now exists, and 
since nothing cannot produce something, something must 
have existed, from eternity. This Something is the First 
Cause : it is God. 

Now what I have to remark here is this : the con- 
clusiveness of this argument, as a proof of the existence 
of one independent, immutable Deity, depends entirely 
upon the assumption of the axiom above stated. The 
world, a series of causes and effects, exists : therefore 
there must be, not only this series of causes and effect^ 
but also a First Cause. It will be easily seen^ that with- 
out the axiom, that in every series of causes and elFects 
there must be a First^Cause, the reasoning is altogether 
inconclusive. 

6. Or to. put the matter otherwise: The argument 
for the existence of the Deity was stated thus : Something 
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tkoreibjre somethii^ nmst have existed fro^leter- 
ai^, Granted^, the opponent might; say ; but this iome- 
which has existed, from eternity, why may ifenot be 
tide very series of causes and effects which is now going 
OH,' and which appears to contain in itself no indication 
of beginning or end ? And thus, without the assumption 
of the necessity of a First Cause, the force of the argu- 
ment may be resisted. 

6. But, it may be asked, bow do those who have 
written to ^rove the existence of the Deity reply to 
such, an objection as the one just stated? It is natural 
to suppose that, on a subject so interesting and so long 
discussed,jaU the obvious arguments, with their replies, 
have been fully brought into view. What is the result 
in this case ? 

The principal modes of replying to the above objec- 
tion^ that the series of causes and effects which now 
exists, may have existed from eternity, appear to be these. 

■ In the first place, our minds cannot be satisfied with 
a series of successive, dependent, causes and effects, 
wititout something first and independent. We pass from 
effect to cause, and from that to a higher cause, in search 
of (something on which the mind can rest ; but if we can 
do nothing but repeat this process, there is no use in it. 
We move our limbs, but make no advance. Our ques- 
tion is not answered, but evaded. The mind cannot 
acquiesce iu the destiny thus presented to it,' of being 
referred from event to event, from object to object, along 
an interminable vista of causation and time. Now this 
mode ofs^ing the reply,- — ^to say that the mind carmt 
thus be appears to be equivalout to saying that 

the mind is corfficioUs of a prineiple in virtue of which 
such a view as this must be rejected the mind takes 
refuge in the assumption ^ of a First Cause, ■ from an 
employment inconsistent with its own nature. 
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7. Or agttin, we may avoid the objection, by putting 
the argument for the existence of a Deity in this form : 
The series of causes and effects which we call the tootld; 
or the course of nature, may be considered as a whole, 
and this whole must have a cause of its existence. The 
whole collection of objects and events may be compre- 
hended as a single effect, and of this effect there must be 
a cause. This Cause of the Universe must be superior 
to, and independent of the special events, which, happen- 
ing in time, make up the universe of which He is the 
cause. He must exist and exercise causation, before 
these events can begin : He must be the First Cause. 

Although the argument is here somewha^ modified 
ill form, the substance is the same as before. For the 
assumption that we may consider the whole series of 
causes and effects as a single effect, is equivalent to the 
assumption that besides partial causes, we must have a 
First Cause. And thus the Idea of a First Cause, and 
the axiom which asserts its necessity, are recognized in 
the usual argumentation on this subject. 

8. This Idea of a First Cause, and the principle 
involved in the Idea, have been the subject of discussion 
in another manner. As w’e have already said, we assume 
as an axiom that a' First Cause must exist ; and we assert 
that Godj the First Cause, exists eternal and immutable, 
by the necessity which the axiom implies. Hence God 
is said to exist necessarily -to be a necessarily existing 
being. And when this necessary existence of God had 
been spoken of, it soon began to be contemplated as a 
sufficient reason, and as an absolute demonstralion of His 
existence ; without any need of referring to the world as 
an effect, in order to arrive at God as the cause. And 
thus men .conceived that they had obtained a proof of 
the existence of 'the Deity, a priori, from ideas, as well 

V ’ • ■<* 

as u posten'onVfrom effects. 

VOL. n. M 
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9i Thus, Thouifts Aquinas employs this reasoning to 
prove the eternity of God*. “Oportet ponere filiquod 
primum necessarium quod est per se ipsum nedessarium ; 
et hoc est Deus, cum sit prima causa ut dictum est : igitur 
Deus setemus est, cum omne neoqssarium per se sit seter- 
num.” It is true that the schoolmen never professed to 
be able to prove the existence of the Deity d priori : but 
they made use of this conception of necessary existence 
in a manner which approached very near to such an 
attempt. Thus Suarez f discusses the question, “Utrum 
aliquo modo possit a priori demonstrari Deum esse.” 
And resolves the question in this manner : “ Ad hunc 
ergo modum dicenduni est: Demonstrato d posfeiimi 
Deum esse ens necessarium et a se, ex hoc attributo 
posse d priori demonstrari prseter illud non posse esse 
aliud ens necessarium et a se, et consequenter demon- 
strari Deum esse.” 

But in modem times attempts were made by Des- 
cartes and Samuel Clarke, to prove the Divine exist- 
ence at once d priori, from the conception of necessary 
existence ; which, it was argued, could not subsist with- 
out actual existence. This argumentation was acutely 
and severely criticized by Dr. Waterland. 

10. Without dwelling upon a subject, the discussion of 
which does not enter into the design of the present work, 
I may remark that the question whether an d priori proof 
of the existence of a First Cause be possible, is a ques- 
tion concerning the nature of our Ideas, and the evidence 
of the axioms which they involve, of the same kind as 
many quelftons which we have already had to discuss. 
Is our Conception or Idea of a First Cause gathered from 
the effects we see around us? It is plain that we must 
apswer, here as in other cases, that the Idea is not 

* AatuN. ContTi lib. i. c. 14, p. 21. 

t Metaphy$^ tom. ii. dup. 29, Mot. 3, p. 28. 
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extracted from the phenomena, but assumed in order that 
the phenomena may become intelligible to the mind ; — 
that the Idea is a necessary one, inasmuch as it does not 
depend upon observation for its evidence; but that it 
depends upon observation for its development, since with- 
out some observation, we cannot conceive the mind to be 
cognisant of the relation of causation at all. In this 
respect, however, the Idea of a First Cause is no less 
necessary than the ideas of Space, or Time, or Cause in 
general. And whether we call the reasoning derived 
from such a necessity an argument ct priori or a posteriori, 
in either case it possesses the genuine character of demon- 
stration, being founded upon axioms which command 
universal assent. 

11. I have, however, spoken of our Conception rather 

than of our Idea of a First Cause ; for the notion of a 
First Cause appears to be rather a modification of the 
Fundamental Idea of Cause, which was formerly discussed, 
than a separate and peculiar Idea. And the Axiom, that 
there must be a First Cause, is recognised by most persons 
as an application of the general Axiom of Causation, that 
every effect must have a cause; this latter Axiom being 
applied to the world, considered in its totality, as a single 
effect. This distinction, however, between an Idea and 
a Conception, is of no material consequence to our argu- 
ment; provided we allow the maxim, that there must 
be a First Cause, to be necessarily and evidently true ; 
whether it be thought better to speak of it as an inde- 
pendent Axiom, or to consider it as derivedi from the 
general Axiom of Causation. * 

12. Thus we necessarily infer a First Cause, although 
the Paleetiologioal Sciences only point towards it, and do 
Qot lead us to it. But I must observe further ; that in 
each of the series of events which form the subject of 
Palsetiologioal research, the First Cause is the same. 

M 2 
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Without here resting upon reasoning founded upon our 
Conception of a First Cause, I majr remark that this 
identity is proved . by the close connexion of all the 
branches of natural science, and the way in which the 
causes and the events of each are^nterwoven with those 
which belong to the others. We must needs believe 
that the First Cause which produced the earth and its 
atmosphere is also the- Cause of^the plants which clothe 
its surface ; that the First Cause of the vegetable and of 
the animal world are the same ; that the First Cause 
which produced 4^ght produced also eyes ; that the First 
Cause which produced air and organs of articulation pro- 
duced also language and the faculties by which language 
is rendered possible : and if those faculties, then also all 
man’s other faculties ; — the powers by which, as we have 
said, he discerns right and wrong, and recognizes a pro- 
vidential as well as a natural course of things. Nor can 
we think otherwise than that the Being who gave these 
faculties, bestowed them for some purpose; — bestowed 
them for that purpose which alone is compatible with 
their nature : — the purpose, namely, of guiding and ele- 
vating man in his present career, and of jireparing liini 
for another state of being to which they irresistibly direct 
his hopes. And thus, although, as we have said, no one 
of the Palsetiological Sciences can be traced continuously 
to an origin, yet they not only each point to an origin, 
but all to the same origin. Their lines are broken indeed, 
as they run backwards into the early periods of the world, 
but yet they all appear to converge to the same invisible 
point. And this point, thus indicated by the natural 
course of things, can be no other than that which is 
disclosed to us as the starting point of the providential 
course of the world ; for we are persuaded by such reasons 
as have just been hinted, that the Creator of the natural 
world can be no other tlian the Author and Governor 
and Judge of the moral and spiritual world. 
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13. Thus we are led, by our material sciences, and 
especially by the Palsetiological class of them, to the 
borders of a higher region, and to a point of view from 
which we have a prospect of other provinces of know- 
ledge, in which othepr' faculties of man are concerned 
besides his intellectual, other interests involved besides 
those of speculation. On these it does not belong to our 
present plan to dwell r^^but even such a brief glance as 
wc have taken of the connexion of material Avith moral 
speculations may not be useless, since it may serve to 
show that the principles of truth which%e are now labo- 
riously collecting among the results of the physical sci- 
ences, may possibly find some application in those parts 
of knowledge towards Avhich men most naturally look 
with deeper interest and more serious reverence. 


We have been employed up to the present stage 
of this work in examining the materials of knowledge, 
namely, Facts and Ideas ; and we have dwelt particularly 
upon the latter element ; inasmuch as the consideration 
of it is, on various accounts, and especially at the j)resent 
time, by far the most important. We have now to pro- 
ceed to the remainder of our task; — to determine the 
processes by which those materials may actually be made 
to constitute knowledge. We have surveyed the stones 
of our building: we have found them exactly squared, 
and often curiously covered with significant imagery and 
important inscriptions. We have now to discover how 
they may best be fitted into their p^ces, and cemented 
together, so that rising stage above stage, they may grow 
at last into that fair and lofty temple of Truth for which 
we cannot doubt that they were intended by the Great 
Architect. 




THE 


PHILOSOPHY 

OP THE 

INDUCTIVE SCIENCES. 


PART II. 

OF KNOWLEDGE. 



De Scientiili turn deraum bene sperandum est, quando 
por ScALAM vcram et per gradiis continues, et non inter- 
niissos aut hiulcos, a particularibiis ascendetur ad Axio- 
matur minora, et deinde ad media, alia aliis superiora, 
et postrenib demum ad generalissima. 

In constitucndo autem Axiomate, Forma Inductionis 
alia quam adhuc in usu fuit, excogitanda est ; et quce 
non ad Principia tantum (quae vocant) probanda ct 
invenienda, sed etiam ad Axioniata minora, ct media, 
denique omnia. 


Bacon, Nov, Org.^ Aph. civ. cv. 
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BOOK XI. 

OF THE CONSTRUCTION OF SCIENCE. 


Chapter I. 

OF TWO PRINCIPAL PROCESS16 BY WHICH 
SCIENCE IS CONSTRUCTED. 

To the subject of the present Book all that has pre- 
ceded is subordinate and preparatory. The First Part of 
tin’s work treated of Ideas: we now enter upon the 
Second Part, in which Ave have to consider the Know- 
ledge which arises from them. It has already been stated 
that knowledge requires us to possess both Facts and 
Ideas; — that every step in our knowledge consists in 
applying the ideas and conceptions furnished by our 
minds to the facts which observation and experiinent 
offer to us. When our conceptions are clear and distinct^ 
when our facts are certain and sufficiently numerous, and 
Avlien the conceptions, being suited to the nature of the 
facts, are applied to them so as to produce an exact and 
universal accordance, Ave attain knowledge of a precise 
and comprehensive kind, which we may term Science. 
And we apply this term to our knowledge still more 
decidedly when, facts being thus included in exact and 
general propositions, such propositions are, in the same 
wanner, included with equal rigour in propositions of a 
higher degree of generality; and these again in others of 
u still wider nature, so as to form a large and systematic 
Avhole. 
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But after thus stating, in a general way, the nature of 
science, and the elements of which it consists, we have 
been examining with a more close and extensive scrutiny, 
some of those elements ; and we must now return to our 
main sijij|fe»ject, and apply to it the results of our long 
investigation. We have been exploring the ^ealm of 
Ideas; we have been passing in review the difficulties 
in which the workings of our own minds 4pvolve us 
when we would make our conceptions consistent with 
themselves : and we hate endeavoured to get a sight of 
the true solution^of these difficulties. We have now to 
inquire how the results of these long and laborious efforts 
of thought find their due place in the formation of our 
knowledge. What do we gain by these attempts to 
make our notions distinct and consistent ; and in what 
manner is the gain of which we thus become possessed, 
carried to the general treasure-house of our permanent 
and indestnictible knowledge? After all this battling 
in the world of ideas, all this struggling with the shadowy 
and changing forms of intellectual perplexity, how do we 
secure to ourselves the fruits of our warfare, and assure 
ourselves that we have really puslied forwards the fron- 
-tief of the empire of Science ? It is by such an appro- 
priation that the task which we have had in our hands 
during the last nine Books of this work, must acquire its 
real value and true place in our design. 

In order to do this, we must reconsider, in a more 
definite and precise shape, the doctrine which has already 
been laid down ; — that our knowledge consists in apply- 
ing Ideas to Facts ; and that the conditions of real know- 
ledge are that the ideas be distinct and appropriate, and 
exactly applied to clear and certain facts. The steps by 
which our knowledge is advanced are those by which 
one or the other of these two processes is rendered more 
complete ; — ^by which conceptions are made more clear m 
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themselves, or by which the conceptions more strictly 
hind together the facts. These two processes may be con- 
sidered as together constituting the whole formation of 
our knowledge ; and the principles which have been esta- 
blished in the preceding Books, bear principally tilpon the 
former of these two operations upon the business of 
elevating our conceptions to the highest possible point of 
precision and generality. But these two portions of the 
progress of knowledge are so glearly connected with 
each other, that we shall consider them in immediate 
succession. And having now to consider these operations 
in a more exact and formal manner than it was before 
possible to do, we shall designate them by certain con- 
stant and technical phrases. We shall speak of the two 
processes by which we arrive at science, as the Explication 
of Conceptions and the Colligation of Facts : we shall 
show how the discussions in which we have been engaged 
have been necessary in order to promote the former of 
these offices ; and we shall endeavour to point out modes, 
maxims, and principles by which the second of the two 
tasks may also be furthered. 


Chapter II. 

OF THE EXPLICATION OF CONCEPTIONS. 

1. We have given the appellation of Ideas to certain 
comprehensive forms of thought, — as space, number, cause, 
composition, resemblance, — which wo apply to the pheno- 
mena which we contemplate. But the special modifica- 
tions of these ideas which are exemplified in particular 
facts, we have termed Conceptions; as a circle, a square 
number, an accelerating force, a neutral combination of ele- 
ments, a genus. Such Conceptions involve in themselves 
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certain necessaiy and universal relations derived from the 
ideas just enumerated; and theSe relations are an indis- 
pensable portion of the texture of our knowledge^ But 
to determine the contents and limits of this portion of 
our knowledge, requires an examination of the ideas and 
conceptions from which it proceeds. The conceptions 
must be, as it were, carefully unfolded, so as to bring 
into clear view the elements of truth with which they are 
marked from their ideal origin. This is one of the pro- 
cesses by which our knowledge is extended and made 
more exact ; and this I shall describe as the Esplication 
of Conceptions. 

In the preceding Books we have discussed a great 
many of the Fundamental Ideas of the most important 
existing sciences. We have, in those Books, abundant 
exemplifications of the process now under our considera- 
tion. We shall here add a few general remarks, sug- 
gested by the survey which we have thus made. 

2. (I.) Such discussions as those in which we have'bcen 
engaged concerning our fundamental ideas, have been the 
course by which, historically speaking, those conceptions 
which the existing sciences involve have been rendered 
so clear as to be fit elements of exact knowledge. The 
disputes concerning the various kinds and measures of 
Force were an important part of the progress of the sci- 
ence of mechanics. The struggles by which philosophers 
attained a right general conception of plane, of circular, 
of elliptical Polarization, were some of the most difficult 
steps in the modern discoveries of optics. A conception 
of the Atomic Constitution of bodies, such as shall include 
what w'e know, and assume nothing more, is even now a 
matter of conflict among chemists. The debates by which, 
in recent times, the conceptions of Species and Genera 
have been rendered more exact, have improved the science 
of botany : the imperfection of the science of mineralogy 
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arises in n great measure from the circumstance, that in 
that subject, the conception of a Species is not yet fixed. 
In physiology, what a vast advance would that philoso- 
pher make, who should establish a precise, tenable, and 
consistent conception of Life ! 

Thus discussions and speculations concerning the im- 
port of very abstract and general terms and notions, may 
be, and in reality have been, far from useless and barren. 
Such discussions arose from the desire of men to impress 
their opinions on others, but they had the effect of making 
the opinions much more clear and distinct. In trying to 
make others understand them, they learnt to understand 
themselves. Their speculations were begun in twilight, 
and ended in the full brilliance of day. It was not easily 
and at once, without expenditure of labour or time, that 
men arrived at those notions which now form the ele- 
ments of our knowledge ; on the contrary, we have, in 
the history of science, seen how hard discoverers, and the 
forerunners of discoverers, have had to struggle with the 
indistinctness and obscurity of the intellect, before they 
could advance to the critical point at which truth became 
clearly visible. And so long as, in this advance, some 
speculators were more forward than others, there was a 
natural and inevitable gromid of difference of opinion, of 
argumentation, of wrangling. But the tendency of all 
such controversy is to diffuse truth and to dispel erroi’. 
Truth is consistent, and can bear the tug of war ; error is 
incoherent, and falls to pieces in the stniggle. True con- 
ceptions can endure the sun, and become clearer as a 
fuller light is obtained ; confused and inconsistent notions 
vanish like visionary spectres at the break of a brighter 
^ay. And thus all the controversies concerning such 
conceptions as science involves have ever ended in the 
establishment of the side on which the truth was found. 

3. Indeed, so complete has been -the victory of truth 
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in moflt of these Instances, that at present we can hardly 
imagine the struggle to have been necessary. The very 
essence of these triumphs is that they lead us to regard 
the views we reject as not only false, but inconceivable. 
And hence we are led rather to look back upon the van- 
quished with contempt than upon the victors with grati- 
tude. We now despise those who in the Copemioan 
controversy could not conceive the apparent motion of 
the sun on the heliocentric hypothesis ; or those who, in 
opposition to Galileo, thouglit that a uniform force might 
be that which generated a velocity proportional to the 
space; or those who held there was something absurd 
in Newton’s doctrine of the different refrangibility of 
differently coloured rays; or those who imagined that 
when elements combine, their sensible qualities must be 
manifest in the compound ; or those who were reluctant 
to give up the distinction of vegetables into herbs, shrubs, 
and trees. We cannot help thinking that men must 
have been singularly dull of comprehension to find a 
difficulty in admitting what is to us so plain and simple. 
We have a latent persuasion that we in their place should 
have been wiser and more clear-sighted ; — that we should 
have taken the right side, and given our assent at once 
to the truth. 

4. Yet in reality such a persuasion is a mere delusion. 
The persons who, in such instances as the above, were 
on the losing side, were very far, in most cases, from 
being persons more prejudiced, or stupid, or narrow- 
minded, than the greater part of mankind now are; 
and the cause for which they fought was far from being 
a manifestly bad one, till it had been so decided by the 
result of the war. It is the peculiar character of scien- 
tific contests, that what is only an epigram with regard 
to other warfare is a truth in this ; and they who are 
defeated are really in the wrong. But they may, never- 
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theleMf be men of great subtilt j, sagacity, and genius $ 
and w0 nourish a very foolish self-complacency when we 
suppose that we are their superiors. That this is so, is 
proved by recollecting that many of those who have made 
very great discoveries have laboured under the imper-* 
fection of thought which was the obstacle to the next 
step in knowledge. Though Kepler detected with great 
acuteness the numerical laws of the solar system, he 
laboured in vain to conceive the very simplest of the laws 
of motion by which the paths of the planets are governed. 
Though Priestley made some important steps in chemistry, 
he could not bring his mind to admit the doctrine of a 
general principle of oxidation. How many ingenious 
men in ■ the last century rejected the Newtonian attrac- 
tion as an impossible chimera ! How many more, equally 
intelligent^ have, in the same manner, in our own time, 
rejected, I do not now mean as false, but as inconceivable, 
the doctrine of luminiferous undulations ! To err in this 
way is the lot, not only of men in general, but of men of 
great endowments, and very sincere love of truth. 

6. And those who liberate themselves from such per- 
plexities, ' and who thus go on in advance of their age in 
such matters, owe their superiority in no small degree to 
such discussions and controversies as those to which we 
now refer. In such controversies, the conceptions in 
question are turned in all directions, examined on all 
sides; the starength and the weakness of the maxims 
which men apply to them are fully tested ; the light of 
the brightest minds is diffused to others. Inconsistency 
is unfolded into self-contradiction ; axioms are built up 
into a system of necessary truths ; and ready exemplifi- 
cations are accumulated of that which is to be proved of 
disproved concerning the ideas which are the basis of 
the controversy. 

The History of Mechanics from the time of Kepler 
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to that of Lagrange, is perhaps the best exemplification 
of the mode in which the progress of a science depends 
upon such disputes and speculations as give clearness and 
generality to its elementary conceptions. This, it is to 
be recollected, is the kind of progress of which we are 
now speaking; and this is the principal feature in the 
portion of scientific history which we have mentioned. 
For almost all that was to be done by reference to' obser- 
vation, was executed by Galileo and his disciples. What 
remained was the task of generalization and simplifica- 
tion. And this was promoted in no small degree by the 
various controversies which took place within that period 
concerning mechanical conceptions: — as, for example, 
th^question concerning the measure of the force of per- 
cussion ; — the war of the vis viva ; — the controversy of 
the centre of oscillation ; — of the independence of statics 
and dynamics ; — of the principle of least action ; — of the 
evidence of the laws of motion; — ^and of the number of 
laws really distinct. None of these discussions was with- 
out its influence in giving generality and clearness to the 
:^eclianical ideas of mathematicians: and therefore, though 
remote from general apprehension, and dealing with very 
abstract jjotions, they were of eminent use in the perfect- 
ing the science of mechanics. Similar controversies con- 
cerning fundamental notions, those, for example, which 
Galileo himself had to maintain, were no less useful in 
the formation of the science of hydrostatics. And the 
■ like struggles and conflicts, whether they take the form 
of controversies between several persons, or only operate 
in the efforts and fluctuations of the discoverer's mind, 
are always requisite before the conceptions acquire that 
dearfless which makes them fit to appear in the enuncia- 
tion of scientific truth. 

This, then, is one object of the preceding Books ; — to 
bring finder the readers notice tbe^mafn elements of the 
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controversies which have thus had so important a share 
in the formatimi of the existing body of science, and the 
decisions on the controverted points to which the mature 
examination . of the subject has led ; and thus to give 
an abundant exhibition of that step which we term the 
Explication of Conceptions. 

6. (II.) The result of such controversies as we have 
been speaking of, often appears to be summed up in a 
'Definition; and the controversy itself,^ has often assumed 
the form of a battle of definitions. For example, the 
inquiry concerning the laws of falling bodies led to the 
question whether the proper definition of a uniform force 
is, that it generates a velocity proportional to the space 
from rest, or to the time. The controversy of the vis ^va 
was, what was the proper definition of the measure of 
force. A principal question in the classification of mine- 
rals is, whafc» is the definition of a mineral species. Phy- 
siologists have endeavoured to throw light on their sub- 
ject, by defining organization, or some similar term. 

7. It is very important for us to observe, that these 
controversies have never been questions of insulated an^ 
arbiirarg definitions, as* men seem often tempted to sup- 
pose them to have been. In all cases there lis a tadt ^ 
assumption of some proposition which is to be ex^essed 
by means of the definition, and which gives it its import- 
ance. The dispute concerning the definition thus acquires 

a real value, and becomes a question concerning true and 
false. Thus in the discussion of the question. What is a - 
uniform force? it was taken for granted that gravity is a 
uniform force:— -in the debate of the vis viva, it was 
assumed that in the mutual action of bodies the whole 
effect of the force is unchanged: — ^in the zoological defi- 
nition of species, (that it consists of individuals which 
have, or may. have, sprung from the same parents,) it is 
presumed that individuals so related resemble eiicfi other 

VOL. II. N 
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ntnts'tiiAn’ time ^hidh are excluded fa;$r gueh^ definition ; 
dr ipetop8/>that J^peoles so defined have permanent and 
tiefiiiiite ^differenoes. A definition of organization, or of 
mi ji other term, whioh was ndt employed to express some 
iMrinaiplet would be of no value, 

> The establishment, therefore^ of a right definition of 
a term may be a useful step in the explication of our 
eonceptions; but tliis will be the case then only when 
Ire hare under our consideration some proposition in 
which the term is employed. For then the* question 
really is^ how the conception shall be understood and 
defined in order that the jiroposition may be true. 

8. The establishment of a proposition requires an 
at^ntion to observed facts, and can never be rightly 
derived from our conceptions alone. We must hereafter 
consider the necessity which exists that the fiicts should 
be rightly bound together, as well as that our conceptions 
should be clearly employed, in order to lead us to real 
knowledge. But we may observe here that, in such 
oases at least as we are now considering, the two pro- 
qpsses are co-ordinate. To unfold our conceptions by the 
means of definitions has never been serviceable to science, 
except when it has been associated with an immediate use 
of the definitions. The endeavour to define a Uniform 
Force was combined with the assertion that gravity is a 
uniform force: the attempt to define Accelerating Force 
was immediately followed by the doctrine that accelera- 
ting forces may be compounded : the process of defining 
Momentum was connected with the principle that mo- 
menta gained and lost are equal ; naturalists would have 
given in vain the definition of Species which we have 
quotad, if they had not also given the oharacters of 
spedes so sefNUttted. DeftAition and Proposition are the 
two handles of the MStrument by which We apprehend 
trati»; the former is of no use without the latter. 
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nitioa mfty be the best mode of explaihing oui< oonce{)tioi), 
but that whi(di alone makes it worth While to explain it 
in any mode» is the opportunity of using it in the expres>> 
sion of truth. When a definition is propounded to us as 
a useful step in knowledge, we are alwayt entitled to ask 
what principle it serves to enunciate. If there be no 
answer to this inquiry, we define and give clearness to our 
conceptions in vain. While we labour at such a- task, We 
do but light up a vacant room ; we sharpen a knife vrith 
which we have nothing to out ; we take exact aim, while' 
we load our artillery with blank cartridge; we apply strict 
rules of grammar to sentences which have no meaning. 

If, on the other hand, we have under our considera- 
tion a proposition ])robabIy established, every step wijich 
we can make in giving distinctness and exactness to the 
terms which this proposition involves, is an important 
step towards scientific truth. In such cases, any improve- 
ment in our definition is a rqal advance in the explication 
of our conception. The clearness of our expressions casts 
a light upon the ideas which we contemplate and convey 
to others. 

9. (III.). But though definition may be subservient 
to a right explication of our conceptions, it is ruA essential 
to that process. It is absolutely necessary to every 
advance in our knowledge, that those by whom such 
advances are^unade should possess clearly the conceptions 
which they employ: but it is by no means necessary 
that they should unfold these conceptions in the words 
of a formal definition. It is easily seen, by examining 
the course of Galileo’s discoveries, that he had a distinct 
conception of the moving force which urges bodies down- 
wards upon an inclined plane, while he still hesitated 
whether to call it Momentum, Energy, Impetus, or 
Force, and did not venture to offer a defini^on of the 
thing which wai the subject of his thoughts. The con- 

N 2 
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tUe mi^ds of TOany 
,8J>®!i?%tprs, p:Qm t^e ^inte pf Huygl^HS , and 
Ifewtpn to j^hait of ypu»g and, Fi^esaol- : This conception 
we Have, defined to be “ opposite .properties depending 
U|^pn ppppsite, positions ;” but this notion was, by the 
discoverers, though constantly assumed and expressed by 
mean^pf svfperfluous hypotheses, never clothed in .definite 
langui^e,, And in the mean time, it was the custom, 
among subordinate writers on the same subjects, to say 
that the term polarization had no definite meaning, and 
was flserely an expression of our ignorance. The defini- 
tion which waSi offered by Haiiy and others of a minera- 
logi<^ species ; — “,The same elements combined in the 
same proportions, with the same fundamental form — 
was false, inasmuch as it was incapable of being rigor- 
ously applied to any one case; but this defect did not 
prevent the philosophers who propotihded such a defini- 
tion from making many valuable additions to mineralo- 
gical knowledge, in the way of identifying sqy^ species 
and distinguishing others. The right concepnon which 
they, possessed in their minds proven tetl their being 
misled by their own very erroneous definition. The want 
of any precise definitions of strata^ and formations, and 
among geologists, has not prevented the discus- 
sipps which they have carried on upon such sulgects from 
being highly serviceable in the promotion S geological 
knovfl^dge. For however much the apparent vagueness 
o:^ those terms might leave their arguments open to cavil, 
there was a general understanding ifffevalent among the 
ntpst mtolligent cultivators of Uie science, as to what was 
n^eant in such expressions ; and this, common undorstand- 
ipg sufiSced to deitormine what evidence should be consi- 
dfij^d, cpnclusi.ye,a,nd what inconclusive in these inquiries. 

fh*^ ,^p„ di?ti»Witness of cenoeption, which is a real 
*’^ftRH^9!9^>9oi^n^p p?ogresgt existed in the minds of the 



in<j[ttirei^/'^ftH6u^ti definitions, wKic'h are a' partial dii<i 
accideiitaj evidence of ' ttiis distinctness,’ hfid not yet beep 
hit upon. . Thie idea’ had ibeeH deVeldped ih men’s minds, 
althou^"n clbthin^'bf y oriels had not been contrived for 
it, nor, perhaps, the necesrity of sifSh a veliicte felt : 
and thus that essential condition of the pro^reiM' of know- 
ledge Of 'which We are here speaking existed ; wfjile it 
•was left to the succeeding speculators to put this unwritten 
rule in the form of a verbal statute. 

10. (IV.) Men are often prone to consider it as a 
tlioughtle^ omission o{ an essential circumstance, and as 
a neglect which involves some blame, •when knowledge 
thus assumes a form in which definitions, or rather con- 
ceptions, are implied but are not expressed. Biit in stich 
a judgment, they assume that to be a matter of choice 
requiring attention only, which is in fact as difficult and 
precarious as any other portion of the task of discovery. 
To define, so that our definition shall have any scientific 
value, req^ifires no small portion of that sagacity by which 
truth is detected. As we have already said, definitions 
and propositions are co-ordinate in their use and in their 
origin. In many eases, perhaps in most, the proposition 
•which contains a scientific truth, is apprehended With 
confidence, hut with some vagueness and vacillation, 
before it is put in a positive, distinct, and definite forhi. 
It is thus klfiawn to be true, before it can be enunciated 
in terms each of which is rigorously defined. The busi- 
ness of definition is part of the business of disco•veiy^ 
When it has been clearly seen what ought to be btir 
definitionj ft must be pretty well known What truth Wb 
have to state. The definition, as well as the discovery; 
supposes a decided step in our knowledge tb have ‘ Been 
®«de. ; The writers on Lbgic in the middle kg^,’ihMe 
^Mition the last stage in the progteSS of knowledge; ktt® 
itt this arrangement at least, th^e histoi^ bf Sclei^i kiid 
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tlie philosophy derived from the history, confirm their 
speculative views. If the explication of our conceptions 
ever assume the form of a definition, it will not be as an 
arbitrary process, or as a matter of course, but as the 
mark of one of ^se happy efforts of sagacity to which 
all the succellive advances of our knowledge are owing. 

it*. (V.) Our conceptions, then, even when they be- 
come so clear as the progress of knowledge requires, are 
not adequately expressed, or necessarily expressed at all, 
by means of definitions. We may ask, then, whether there 
is any othev mode of expression in which we may look for 
the evidence and exposition of that j^eculiar exactness 
of thought which the formation of^ science demands. 
And in answer to this inquiry, we may refer to the pre- 
vious discussions respecting many of the fundamental 
ideas of the sciences. It has there been seen that these 
ideas involve many elementary truths which enter into 
the texture of our knowledge, introducing into it coii- 
Oesdons and relations of the most important kind, although 
these elementary truths cannot be deduced from any 
verbal definition of the idea. It has been seen that those 
elementary truths may often be enunciated by means of 
Axioms, stated in addition to, or in preference to. Defini- 
tions. For example, the Idea of Cause, which forms the 
basis of the science of mechanics, makes its appearance 
ip our elementary mechanical reasonings, i|||^as a defini- 
tion, but by means of the axioms that causes are measured 
by their effects, and that reaction is equal and opposite to 
action. Such gxioms, tacitly assumed or occasionally 
stated as maxinis of acknowledged validity, belong to all 
the ideas which form the foundations of the sciences,.and 
are constantly employed in the reasoning and speculations 
of those who think clearly on such subjects. It 

be a task of some difiScuIty to detect and enunciate 
ifi wQi'ds the principles which are thua perhaps silently 
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and unoonfioiously, taken for granted by those who have a 
Bhare in the establishment of scientific truth : but inas- 
much as these principles are an essential element in our 
knowledge, it is very important to our present purpose to 
separate them from the ass^ppiated ma^pnals and to trace 
them to their origin. This accordingly I his^e attemptej} 
to do, with regard to a considerable number of theS^most 
prominent of such ideas, in the preceding Books. The 
reader will there find many of these ideas resolved into 
axioms and principles by means of which their effect 
upon the elementary reasonings of the various sciences 
may be expressed. That part of the Work is intended to 
form, in some meljure, a representation of the ideal side 
of our physical knowledge ; — a table of those contents of 
our conceptions which are not received directly from facts; 
— an exhibition of rules to which we know that truth 
must conform. 

12. In order, however, that we may see the necessary 
cogency of these rules, we must possess, clearly and 
steadily, the ideas from which the rules flow. In order 
to perceive the necessary relations of the circles of the 
sphere, we must possess clearly the Idea of solid Space : 
—in order that we may see the demonstration of the 
composition of forces, we must have the Idea of Cause 
moulded into a distinct conception of statical force. This 
is that Clect^^^s of Ideas which we stipulate for in any 
oue’s mind, as the first essential condition of his making 
any new step in the discovery of truth. And we now see 
\vhat answer we are able to give, if we are asked for a 
Criterien of this Clearness of Idea. The Criteriou is, that 
the pei<SQn shall see the necessity of the Axioms belong- 
ing iu each Idea shall accept them in such a mmmer aa 
to perceive the cogency of the reasoning^ founded upon 
them. Thus a person has a clear idea of space wIki 
follows the reasonings of gewogtotir and fully appmriumds 
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their contl^siveness. The explication of conceptions, 
which we are speaking of as an essential part of real 
knowledge* isthe process by which we bring the clearness 
of : our ideas to bear upon the formation of our knowledge. 
And this is doa^as we hay||i. now seen, not always, nor 
generally, ndlf principally, .by laying down a definition of 
the cttoiceptibn; but by acquiring such a possession of it 
in our minds as enables, indeed compels to admit 
along with the conception, all the axioms -hud principles 
which it necessarily implies, and by which* it produces its 
effect upon our reasonings. 

13. (VI.) But in order that we may make any real 
advance in the discovery of truth, our ideas must not 
only be clear, they must also be apjyropi'iate. Each 
science has for its basis a different class of ideas ; and the 
steps which constitute the progress of one science can 
never be made by employing the ideas of another kind of 
science. No genuine advance could ever be obtained in 
mechanics by applying to the subject the ideas of space 
and time merely : — no advance in chemistry by the use of 
mere mechanical conceptions : — no discovery in physiology, 
by referring facts to mere chemical and mechanical prin- 
ciples. Mechanics must involve the conception of force ; 
—chemistry, the conception of elementary composition ; 
—physiology, the conception of vital powers. Each 
science must advance by means of its apprqj^ate concep- 
tions. Each has its own field, which extends as far as its 
princijdes can be applied. I have already noted the 
separation of several of these fields by the divisions of the 
preceding Books. The Mechanical, the Secondary Me- 
chanicah the Chemical, the Classificatory, the Biological 
Sciences form so many great provinces in the kingdom of 
knowledge, each in a great measure possessing its own 
peculiar fundamental principles. Every attempt to baiW 
up a new science by the application of principles which 
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belong to an old one, will lead to frivolous 5^iitad barren 
speculations. 

This truth has been' exemplified in all the instances in 
which subtle speculative men have failed in their attempts 
to frame new sciences, an^pspecially ^the essays of the 
ancient schools of philos^hy' in Greece, ll has already 
been stated in the History of Science. Aristotle . and 
his followers endeavoured in vain to account for the 
mechanical relation of forces in the lever by applying the 
inappropriate geometrical conceptions of the properties of 
the circle: — they failed in explaining the form of the 
luminous spot made by the sun shining through a hole, 
because they ap^ied the inappropriate conception of a 
circular quality in the sun’s light : — they speculated to no 
purpose about the elementary composition of bodies, 
because they assumed the inappropriate conception of 
likeness between the elements and the compound, instead 
of the genuine notion of elements merely determining the 
qualities of the compound. And in like manner, in 
modern times, we havo seen, in the history of the funda- 
mental ideas of the physiological sciences, how all the 
inappropriate mechanical and chemical and other ideas 
which were applied in succession to the subject failed in 
bringing into view any genuine physiological truth. 

14. That the real cause of the failure in the instances 
above menti^ed lay in the conceptions, is plain. It was 
not ignorance of the facts which in these cases prevented 
the discovery of the truth. Aristotle was as well ac- 
quainted with the fpct of the proportion of the weights 
which balance on a lever as Archimedes was, although 
Archimedes alone gave the true mechanical reason for 
the proportion. Aristotle knew that the rays of light a^e 
straight lines, although he was not a sufficiently just 
thinker to. -apply the conception of rays in explaining the 
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powdi itnuge whieh the sun produces by shining , through 
a . triangular hole*. 

With regard to the doctrine of the four elements 
indeed, the inapplicability of the conception of composi- 
tion of qualitieSt^jequired, perhaps, to be proved by some 
reference to^fects. But this conception was devised at 
first,, ^nd accepted by succeeding times, in a blind and 
gratuitous manner, which could hardly have happened if 
men had been awake to the necessary condition of our 
knowledge ;^tUat the conceptions which we introduce 
into our doctrines are not arbitrary or accidental notions, 
but certain peculiar modes of apprehension strictly deter- 
mined by the subject of our speculations. 

15, ( Vn.) It may, however, be said that this injunc- 
tion that we are to employ appropriate conceptions only 
in the formation of our knowledge, cannot be of practical 
use, because we can only determine what ideas are appro- 
priate, by finding that they truly combine the facts. And 
this is to a certain extent true. Scientific discovery 
must ever depend upon some happy thought, of which we 
cannot trace the origin ; some fortunate oast of intellect, 
rising above all rules. No maxims can be given which 
inevitably lead to discovery. No precepts will elevate a 
man of ordinary endowments to the level of a man of 
gVMlUs ; nor will an inquirer of truly inventive mind need 
to come to the teacher of inductive philosqphy to learn 
how to exercise the faculties which nature has given him. 
Such persons as Kepler or Fresnel, or Brewster, will have 

♦ The Edinburgh Reviewer of my History {Ed. Rev. No. cxxxiii., 
p. 118,) thinks that Aristotle committed ibis error because he did not 
try th^ eii^perimept niudc? vaiipus forms. Yet be cannot but allow 
that tbe result follows by mere geometrical reasoning, without any 
experiment, from the fact which Aristotle did know, that the rays of 
light are straight lines. Is the Reviewer s mind in that stags of spe- 
culatipii in wbicb the truths of gecanetry are considered aa best proved 
experimentally ? 
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their powers of discovering truth little augmented by any 
injunctions respecting distinct and appropriate ideas; 
and such men may very naturally question the utility of 
rules altogether. 

16. But yet the opinions which stich persons may 
entertain, will not lead us to doubt concerning the value 
of the attempts to analyse and methodize tije process of 
discovery. Who would attend to Kepler if he had main- 
tained that the speculations of Francis Bacon were 
Avorthless? Notwithstanding what has been said, we 
may venture to assert that the maxim which points out 
the necessity of ideas appropriate as well as clear, for 
the purpose of discovering timth, is not without its use. 
It may, at least, have a value as a caution or prohibition, 
and may thus turn us away from labours certain to be 
fruitless. We have already seen that this maxim, if duly 
attended to, would have at once condemned as wrongly 
directed the speculations of physiologists of the mathema- 
tical, mechanical, chemical, and vital-fluid schools ; since 
the ideas which the teachers of these schools introduce, 
cannot suffice for the purposes of physiology, Avhich seeks 
truths respecting the vital powers. Again, it is clear 
from similar considerations that no definition of a mine- 
ralogical species by chemical characters alone can answer 
the end of science, since we seek to make mineral!%y, 
not an analytical but a classificatory science*. Even 
before the appropriate conception is matured in men’s 
minds so that they see clearly what it is, they may still 
have light enough to see what it is not. 

17 . (VIIJ.) Another result of this view of the neoefih 
sity of appropriate ideas, combined with.'a survey of the 

* This agrees with what M. Necker has well observed i^f 
“ Refffie Mineraly* that those who have treated mineralogy ^ a iperely 
chemical science^ liave substituted the analysis of substances for the 
classification of individuals. See lAove, b. viii. chap. 3. p. 500, 
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history of science is^ that though for tho most partj Ss we 
ohall fseej the progress of science consists in accnmnlating 
and combining facts rather than in debating concerning 
definitions ; there are still certain periods 'S^Heti the rfw, 
etmion of Definitions may he the most useful mode df cul- 
tivating some special branch of science. This discussion 
is of course always to be conducted by the light df ftlcts ; 
and as has already been said, along with the settlement 
of every good Definition will occur the corresponding 
establishment of some Proposition. But still at particular 
periods, the want of a Definition, or of the clear concep- 
tions which Definition supposes, may be peculiarly felt. 
A good and tenable Definition of Species in mineralogy 
would at present be perhaps the most important step 
which the science could make. A just conception of the 
nature of life, (and if expressed by means of a Definition 
so much the better,) can hardly fail to give its possessor 
an immense advantage in the speculations which now 
come under the consideration of physiologists. And con- 
troversies respecting Definitions, in these cases and such 
as these, may be very far from idle and unprofitable. 

Thus the knowledge that clear and appropriate ideas 
are requisite for discovery, although it does not lead to 
aajt^very precise precepts or supersede the value of 
ndffliral sagacity and inventiveness, may still be of use to 
us in our pursuit after truth. It may show ua what course 
of research is, in each stage of science, recommended by 
the general analogy of the history of knowledge ; and it 
may both save us from hopeless and barren paths of 
speculation, and make us advance with more courage and 
confidence, to know that we are looking; for discoveries 
in the manner in which they have always hitherto been 
made. 

18 . (IX.) Another cpnse'quencc! follows from the 
views presented in this Chapter, and it is the last I shall 
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at JVb seientijic discovery can, with 

any jostice, considered to accident. In whatever 
manner .facts may. be ^ presented to the notice of a dis- 
coverer, they , can never become the materials of ejoict 
knovrledge». except they find his mind already provided 
with precise and suitable conceptions by which they may 
be analysed and connected. Indeed, as we have already 
seen, facts cannot be- observed as facts, except in virtue 
of the , conceptions which the observer* himself uncon- 
sciously supplies ; and they are not facts of observation 
for any purpose of discovery, except these familiar and: 
unconscious acts of thought be themselves of a just and 
precise kind. But supposing the fia.ct8 to be adequately 
observed, they can never be combined into any new truth, 
except by means of some new conceptions, clear and ap- 
propriate, such as I have endeavoured to characterize. 
When the observer’s mind is prepared with such instru- 
ments, a very few facts, or it may be a single one, may 
bring the process of discovery into action. But in such 
cases, this previous condition of the intellect, and not the 
single fact, is really the main and peculiar cause of the 
success. The fact is merely the occasion by which the 
engine of discovery is brought into play sooner or later. 
It is, as I have elsewhere said, only the spark which dis- 
charges a gun already loaded and pointed ; and thei'e is 
little propriety in speaking of such an accident as the 
cause why -the bullet hits the mark. If it were true that 
the fall of -an apple was the occasion of Newton’s pursn* 
log the train of thought which led to the doctrine of 
'uiiversal I gravitation, the habits and constitution of New-t^ 
ton’s intdfecti and not the apple, were the real source of 
this great fievent in the progress of knowledge. The 
common love of the marvellous, and the vulgar desire to' 
bring do\^ the ^greatest achievements of genius to bur 

* D. i. c. 2. 
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oWn leve^.may lead men to asdribe luoh reeults to any 
casual circumstasices which accompany them ; but no oue 
who lairly considers the real nature . of great discoveries, 
and the intellectual processes which they involve, can 
Seriously hold the opinion of their being the effect of 
accidentt ^ 

19. Such acci^nts never happen to common men. 
Thousands of mehreven of the meet inquiring and spe- 
culative men, had seen bodies fall ; but who^ except 
Newton, ever followed the aWident to such consequences ? 
And in fact, how little of his train of thought was con- 
tained in, or even directly suggested by, the fall of the 
apple ! If the apple fall, said the discoverer, why should 
not the moon, the planets, the satellites fall ? But how 
much previous thought, what a steady conception of the 
universality of the laws of motion gathered from other 
sources, were requisite, that the inquirer should see any 
connexion in these cases ! Was it by accident that he 
saw in the apple an imago of the moon, and of every 
body in the solar system ? 

20. The same observations may be made with regard 
to the* other cases which are sometimes adduced as ex- 
amples of accidental discovery. It has been said*, “By 
the accidental placing of a rhomb of calcareous spar upon 
a book or line Bartholinus discovered the property of the 
DouMii,Jtefra€tion of light.” But Bartholinus could have 
seen no such consequence in the accident if he bad not 
pBeviously had a clear conception of single refraction. A 
lady, in describing an optical experiment which had been 
shown her, said of her teacher, “ He told me to increase 
and diminish the angle of refraction^ and at last I found 
that he only meant me to move my head up and down. 
At any rate, till thtslady had acquired the notions which 
the technical terms convey, she could not have made 


* Ed. Bbv., No. cxxxiii., p. 121. 
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Bsrtholintit^«: diseovei^ by means of his accidettt. “ By 
adoid«ititiilly combining two rhombs in difibrcnt positions,’' 
it is added*, “Huyghens discovered ‘the Poiariasatim of 
bight.” Supposing that this experiment had been made 
without design, what Huyghens foally observed, was that 
the images appeared ^d disappeared alternately as he 
tamed the rhombs round. But was it an eittsy or an 
obvious business to analyse this curious alternation into 
the circumstances of the rays of light having sides, m 
N ewton expressed it, and into the additional hypotheses 
which are implied in the term polarization ? Those will 
be able to answer this question who have found how far 
from easy it ilPto understand clearly what is meant by 
polarization in this case, now that the property is fully 
established. Huyghens’s success depended on his clear- 
ness of thought, for this enabled him to perform the intel- 
lectual analysis, which never would have occurred to 
most men, however often they had “ accidentally com- 
bined two rhombs in different positions.” “ By acciden- 
tally looking through a prism of the same substance, and 
turning it round, Mains discovemd the polarization of 
light by reflection.” Malus saw that, in some positions, 
the light reflected from the windows of the Louvre thus 
seen through the prism, became dim. Another man 
would have supposed this dimness the result of accident ; 
but his mind was differently constituted and disciplined. 
He considered the position of the window, and of the 
prism ; repeated the experiment over and over ; and lih 
virtue of the eminently distinct conceptions of space which' 
he possessed, resolved the phenomena into its geometrical 
conditions. A believer in accident would not have 
sought them ; a person of less clear ideas woiild not have 
found them. A person must have # strange confidence 
iuthe virtue of chance, and the worthlessness of intellect. 


• Ed, Rev,, NOi oxxxiii., 5 . 121. 
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ft^iretojin Ih^hebt of debs^e^ou ^o-relciifcless- 
waQnp^«« <mticism«' that in all’^Wsd 
'inen'^ '^PQOven^ approptaBte< >ideii% bad no ahare,” and 
ilie*dueov^e%.‘i‘ might haY0!befeB!libBdo;by!*tlie most 
T observers.”* 

V i ; trust,, shptfli in Vadomr 'miyS, how 

the 'Mf^caMoit of^ ConceptionSt including ii»MhiSi4erm 
ibeir clear develo^ent from Fundamental Ideasfih the 
discoverer’s mind, as well as their precise expression in 
t^e form of , Definitions o^Aicioms,. when that can be 
done, is an essential part in the establishment of all exact 
apd genersd physic^ truths. In, doing this» I havee ndea- 
Youred to explain*in what sense the peii ilp Bion of clear 
and appropriate ideas,, is a main requisite for every step 
in scientific discovery.- Th%t it is far h'om being the only 
step, I shall soon have to show; and if any obscurity 
remain on the subject treated of in the present chapter, - 
it will, I hope» be removed when we have examined the , 
otber elements which enter into the ^ constitution of onr 
dcnotwledge. 


CHAPTER HI. 

. . . ' ■ 

OF FACTS AS THE MATEJ^IAES '0^ r^CIl^NCE. 

V^ iave now to examindKitQW jBcleiice is built up 
bj, the*' combination of facts. In doing this, wO suppose 
that we have already obtained a supply of d^Mife and 
certain facts, free from obscimty and doubt.. We must, 
therefore, first consider und^r 'what conditions facts can 
assuine this,,isharacter. 

* * This is sai^ i>y the Edinburgli ' IteHet^r of hiy .Hfertory. i” 
stietnpt to disprove the necessity of -eleaf ^andi 'appmilHste ideas f«r 
discovery. Ed, Bev.^ No. cxxxiii., p. 122. 
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When we inquire what ftct? are to be made th^ 
materials of science, perhaps the answer which we Should 
most commonly receive would be, that they must \^ tnie 
facts, as distingi:Jlhed from any mere inferences ot opi* 
nions of our own. We should probably be told that we 
must be* careful in siidS a consider as facT|S;ohIy 

what we really observe d that we must assert dnbjS^hat 
we see; and believe*nothing except upon the testimony 
of our senses* 

But such maxims are* far from being easy to apply, as 
a* little examination, will convince us. • 

1. It has been explained iU the preceding pqrt of 
this work thsi^'alh jperception of external objects and 
occurrences involves an active as ^dll as. a passive pro- 
cess of the mind ; — includes not only Sensations, but also 
ideas by which sensations are bound together, and have a 
vini^ given to them. From this it follows that therd is 
a difficult^! separating in our- perceptions what we 
receive from .Mithout, and Whdt ourselves contribn|e 
from withiii";-^what we perceive, and what we infer. In . 
many cases, this difficulty is obvious to all: p, fpr 
example, when we witness the performances of a juggler 
or a ventriloquist. In these instances we imagine our- 
selves to, see and to hear what' certainly we do not see 
and hear, The performer takes advantage of the habits 
by which our minds supply interruptions and in%j con- 
nexions ; and by giving us fajlacious indications, he leads 
us to jperceive as an actual what does not happe*Ii 
ut all. In these ‘cases it *i5 evident that we* ourselves 
assist in making the fapt ; for we make one whicir does 
not really exist. In other .cases, though the fact Which 
We perceive be true, we can easily see that a large ppr- 
tion of the perception is dnr own acC as when from the 
sight of a bird of prey we infer a carcass^ or when we 
VOL. II. o 
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-read a 'half-obliterated inscription. In the latter case, 
the'ni^^>fiupplie8 the meaning, and perhaps half the 
letters; yet’ we do not hesitate^© say that we actually 
read the inscription. Thus, in many cases, our own 
inferences and interpretations ^n ter* into our facts. But 
t^is happens, in many instances’’ in which it is at first 
sight less obvious. When any one has seen an oak-tree 
blown down by a strong gust of wind, he does not think 
of the occurrence any otherwise than as a fact of which 
he is assured by his senses. Yet by what sense does he 
perceive the force which he thus supposes the wind to 
exert? By what sense does he distinguish an oak-tree 
from all other trees ? It is clear upon refflection, that in 
such a ease, his own mind supplies the conception of 
extraneous impulse and pressure, by which he thus inter- 
pi'ets the motions observed, and the distinction of dif- 
ferent kinds of trees according to which he thus names 
the one under hi’s notice. The idea of force, and the 
idea of definite resemblances and differences, are thus 
combined with the impressions on our senses, and form 
an undistinguished portion of that which we consider as 
the fact. And it is evident that we can in no other way 
perceive force, than by seeing motion ; and cannot give 
a bame to any object without not only seeing a differ- 
ence of single objects, but supposing a difference of classes 
of objects. When we speak as if we saw impulse and 
attraction^ things and classes, we really see only objects 
•of various forms and colours, more or less numerous, 
variously combined. But do we really perceive so much 
as this ? When we see the form, the size, the number, 
the motion of objects, are these really mere impressions 
on our senses, unmodified by any contribution or ope- 
ration of the mind itself? A very little attention will 
suffice to convince us that this is not the case. When 
we see a windmill turning, it may happen, as we have 
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elsewhere noticed*, that we mistake the direction in 
which the sails turn ; w-hen we look at certaih" diagrams, 
they may appear eithefvconvex or concave : \vben We see 
the moon first in the horizon and afterwards high up in the 
sky, we judge her to. be mtich larger in the former than in 
the latter position, although to the eye she subtends the 
game angle. And in these cases and the like, it has been 
seen that the error and confusion which we thus incur 
arise from the mixture of acts of the mind itself with 
impressions on the sensed! But such acts are, as we 
have also seen, inseparable portions of the process of per- 
shption. A certain activity of the mind is involved, uot 
only in seeing" objects erroneously, but in seeing them 
at all. With regard to solid objects, this is generally' 
acknowledged. When we seem to see an edifice occu- 
pying space in all dimensions, we really see only a repre- 
sentation of it as it appears referred by perspective to a 
surface. The inference of the solid form is an operation 
of our own, alike when we look at a reality and when we 
look at a picture. But we may go further. Is plane 
figure really a mere sensation ? If we look at a decagon, 
do we see at once that it has ten sides, or is it not neces- 
sary for us to count them : and is not counting an act of 
the mind ? All objects are seen in space ; all objects are 
seen as one or many : but are not the idea of space and 
the idea of number requisite in order tha't we may thus 
apprehend what we see? ThSit these ideas of. space and 
number involve a connexion derived from the mind and. 
not from the senses, appears, as we have already seen* 
from this, that those ideas afford us the materials of uni- 
versally and necessary truths i such tmths' as the senses 
cannot possibly supply. And thus even the . perception 
of such facts as the size, shape, and number of objects, 
cannot be said to be impressions of sense, distinct from 

Vol. i. p. 112. 
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all aqta pf mind, and cannot be expected to be free from 
error on the ground of their being mere observed facts. 

Thus the difficulty which we have been, illustrating, 
of distinguishing facts from inferences and from interpre- 
tations of facts, is not only great, but amounts to an 
impossibility. Tire separation at which we aimed in the 
outset of this discussion, and which was supposed to le 
necessary in order to obtain a firm groundwork for 
science, is found to be unattainable. We cannot obtain 
a sure basis of facts by rejecting all inferences and judg- 
mente of our own, for such inferences and judgments 
form an unavoidable element in all facts. We cjinnot 
exclude our ideas from our perceptions, for our percep- 
tions involve our ideas. 

2. But still it cannot be doubted that in selecting 
the facts which are to form the foundation of science, we 
must reduce them to their most simple and certain form; 
and must reject everything from which doubt or error 
may arise. Now since this, it appears, cannot be done, 
by- rejecting the ideas which all facts involve, in what 
manner are we to conform to the obvious maxim that the 
facts which form the basis of science must be perfect!}' 
definite and certain ? 

• The analysis of facts into Ideas and Sensations, which 
we have so often referred to, suggests the answer to this 
inquiry. We are not able, nor need we endeavour, to 
exclude ideas from our facts, but we may be able to dis- 
’cern, with perfect distinctness, the ideas which we include. 
We cannot observe any phenomena without applying to 
them Such ideas as space and number, cause and resem- 
blance, and usually several others; but wfe may avoid 
applying these ideas in a wavering or obscure manner, 
and confounding ideas with one another. We cannot read 
any of the inscriptions which nature presents to us, with- 
out interpreting tfiem by means of some language which 
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we ourselves are acctistorncd to speak, but tre may make 
it our biisiness to acquaint ourselves perfectly with the 
language which we thus employ, and to interpret it 
according to the rigorous rules of grammar and analogy. 

This maxim, that Avhen facts are employed as the 
basis of science, we must distinguish clearly the ideas 
wliich they involve, and must apply these in a distinct 
and rigorous manner, will be found to be a more precise 
guide than we might perhaps at first expect. We may 
notice one or two Rules which flow from it. 

3. In the first place, facts, wdien used as the materials 
of physical science, must be referred to conceptions of the 
mtcUect only, all emotions of fear, admiration, and the 
like, being rejected or subdued. Thus the observations of 
phenomena which are related as portents and prodigies, 
striking terror and boding evil, are of no value for pur- 
poses of science. The tales of armies seen warring in 
the sky, the sound of arms heard from the clouds, fiery 
dragons, chariots, swords seen in the air, may refer to 
meteorological phenomena; but the records of pheno- 
mena observed in the state of mind which these descrip- 
tions imply can be of no scientific value. We cannot 
make the poets our observer. 

Armorum sonitum toto Germania coelo 
Audiit ; insolitis tremuenint motibus Alpcs. 

Vox quoquo per lucos vulgo exaudita silentes 
Zngens, et simulacra modis pallentia miris 
Visa sub obscurum noctis : pecudosquo locnto. 

Tlie mixture of fancy and emotion with the observation 
of facts has bften disfigured them to an extent whicU 
is too familiar to all to need illustration. We have an 
example of this result in the manner in which Comets 
are described in the treatises of the middle ages. In 
such works, these bodies are regulatrly distributed into 
several classes, accordingly as' they asseme the form of a 
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sword, of a spear, of a cross, and so on. When such 
resemblances had become matters of interest, the impres- 
sions of the senses were governed, not by the rigorous 
conceptions of form and colour, but by these assumed 
images; and under these circumstances we can attach 
little value to the statement of what was seen. 

In all such phenomena, the reference of the objects 
to the exact ideas of space, number, position, motion, and 
the like, is the first step of science : and accordingly, this 
reference was made at an early period in those sciences 
which made an early progress, as, for instance, astronomy. 
Yet even in astronomy there appears to have been a 
period when the predominant conceptions of men in 
regarding the heavens and the stars pointed to mythical 
story and 'supernatural influence, rather than to mere 
relations of sj)ace, time, and motion : and of this primeval 
condition of those who gazed at the stars, we seem to 
have remnants in the constellations, in the mythological 
names of the planets, and in the early prevalence of astro- 
logy. It Avas only at a later period, Avhen -men had begun 
to measure the places, or at least to count the revolutions 
of the stars, that astronomy had its birth. 

4. And thus wo are led to another Rule : — ^that in 
collecting facts which are to be made the basis of science, 
the facts are to be observed, as far as possible, with refer- 
ence to place, figure, numbei', motion, and the like concep- 
tions; which depending upon the ideas of space and 
time, are the most universal, exact, and simple of our con- 
ceptions. It was by early attention to these relations in 
the case of the heavenly bodies, that the ancients formed 
the science of astronomy : it was by not making precise 
observations of this kind in the case of terrestrial bodies, 
that they failed in framing a science of the mechanics of 
motion. They succeeded in optics as far as they made 
observations of this nature ; but when they ceased to 



’ OF FACTS AS THE MATEttlAES OF SCIENCE. 199 

trace the geometrical paths of rays in the actual experi- 
ment, they ceased to go forwards in the knowledge of 
this subject. 

5. But we may state a further Rule : — that though 
these relations of time and space are highly important in 
almost all facts, we are not to confine ourselves to these : 
but are to consider the phenomena with reference to 
other conceptions also: it being always understood that 
these conceptions are to be made as exact and rigorous 
as those of geometry and number. Thus the science of 
Harmonics arose from considering sounds Avith reference 
to co7icords and discords ; the science of Mechanics arose 
from not only observing motions as they take place in 
time and space, but further, referring them to fm-ce as 
their cause. And in like manner other sciences depend 
upon other Ideas, which, as I have endeavoured to show, 
are not less fundamental than those of time and space ; 
and like them, capable of leading to rigorous conse- 
quences. 

6. Thus the facts which we assume as the basis of 
science are to be freed from all the mists which imagina- 
tion and passion throw round them ; and to be separated 
into those elementary facts which exhibit simple and 
evident relations of Time, or Space, or Cause, or some 
other ideas equally clear. We resolve the complex ap- 
pearances which nature offers to us, and the mixed and 
manifold modes of looking at these appearances which 
rise in our thoughts, into limited, definite, and clearly- 
understood portions. This process we may term tlie 
Decomposition of Facts. It is the beginning of exact 
knowledge,— the first step in the formation of all science. 
This decomposition of facts into elementary facts, clearly 
understood and surely ascertained, must precede all dis- 
covery of the laws of nature. 

7. But though this step is necessary, it is not infallibly 
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sufficient. It by no means follows that wlien we have 
thus decomposed facts into elementsjjy truths of observa- 
.Aion, we ^shall soon be able to combine these so as to 
obtain truths of a higher and more speculative kind. We 
have examples which show us how far this is from being 
a necessary consequence of the former step. Observa- 
tions of the weather, made and recorded for many years, 
have not led to any general truths, forming a science of 
Meteorology : and although great numerical precision has 
been given to such observations by means of barometers, 
thermometers, and other instruments, still no general laws 
regulating the cycles of change of such phenomena have 
yet been discovered. In like manner the faces of crys- 
tals, and the sides of the polygons which these crystals 
form, were counted, and thus numerical facts were ob- 
tained, perfectly true and definite, but still of no value 
for purposes of science. And v’hen it was discovered 
what element of the form of crystals it was important to 
observe and measure, namely, the angle made by two 
faces with each other, this discovery was a step of a higher 
order, and did not belong to that department, of mere 
exact observation of manifest facts, with which we are 
here concerned. 

8. When the complex facts which nature offers to us 
are thus decomposed into simple facts, the decomposition, 
in general, leads to the introduction of terms Q,nd phrases, 
more or less technical, by which these simple facts are 
described. Thus when astronomy was thus made a science 
of measurement, the things measured were soon described 
as hours, and days, and cycles, altitude and declination, 
phases and aspects. In the same manner in music, the 
concords had names assigned them, as diapcnte, diatessaron, 
diapason; in studying optics, the rays of light were 
spoken of as having their course altered by reflection and 
refraction; and when useful observations began to be 
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ina<ie in mechanics, the observers spoke yf fwce, p'essme, 
mmentum, inertia, and the like. 

When we take phenomena in which the leading idea., 
is Resemblance, and resolve them into precise component 
facts, we obtain some hind of classification; as, for in- 
stance, when we lay down certain rules by which parti- 
cular trees, or particular animals are to be known. This 
is the earliest form of natural history ; and the classifica- 
tion which it involves is that M'hich corresponds, nearly 
or exactly, with the usual names of the objects thus 
classified. 

9. Thus the first attempts to render observation certain 
and exact, lead to a decomposition of the obvious facts 
into elementary facts, connected by the ideas of space, 
time, number, cause, likeness, and others: and into a classi- 
fication of the simple facts, more or less just, and marked 
by names either common or technical. Elementary facts, 
and individual objects, thus observed and classified, form 
the materials of science ; and any improvement in classi- 
fication or nomenclature, or any discovery of a connexion 
among the materials thus accumulated, leads us fairly 
within the precincts of science. We must now, there- 
fore, consider the manner in which science is built up of 
such materials ; — ^the process by which they are brought 
into their places, and the texture of the bond which 
unites and cements them. 


Chapter IV. 

OP THE COLLIGATION OF FACTS. 

Facts such as the last chapter speaks of are, by means 
of such conceptions as are described in the preceding 
chapter^ bound togetlier so as to pve rise to those gene- 
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ml propositions of which science consists. Thus the facts 
that the planets revolve about the sun in certain periodic 
times and at certain distances, are included and connected 
in Kepler’s law by means of such conceptions as the 
squares of number's, the cubes of distances, and the p’opor- 
Uonality of these quantities. Again the existence of this 
proportion in the motions of any two planets, forms a set 
of facts which may all be combined by means of the 
conception of a certain central accelerating force, as was 
proved by Newton. The whole of our physical knowledge 
consists in the establishment of such propositions; and in 
all such eases facts are bound together by the aid of suit- 
able conceptions. This part of the formation of our 
knowledge we have called the Colligation of Facts : and 
we may apply this term to every case in which, by an act 
of the intellect, we establish a precise connexion among 
the jdienomena which are presented to our senses. The 
knowledge of such connexions, accumulated and syste- 
matized,««is Science. On the steps by which science is 
thus collected from phenomena wo shall proceed now to 
make a few remarks. 

1 . Science begins with common observation of facts, 
in which we are not conscious of any peculiar discipline 
or habit of thought exercised in observing. Thus the 
common perceptions of the appearances and recurrences 
of the celestial luminaries, were the first steps of astro- 
nomy : the obvious cases in which bodies fall or are 
supported Avere the beginning of mechanics ; the familiar 
aspects of visible things were the origin of optics ; the 
usual distinctions of well-known plants first gave rise to 
botany. Facts belonging to such parts of our knowledge 
are noticed by us, and accumulated in our memories in 
the common course of our habits, almost without our 
being aware that we are observing and collecting facts. 
Yet such facts may lead to many scientific truths; for 
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instance, in the first stages of Astronomy (as we have shown 
in the History) such facts lead to Methods ofdntercalation 
and Rules of the Recurrence of Eclipses. In succeeding 
stages of science, more especial attention and preparation 
on the pdrt of the observer, and a selection of certain 
kinds of facts, becomes necessary ; but there is an early 
period in the progress of knowledge at Avhich man is a 
physical philosopher without seeking to bo so, or being 
aware that he is so. 

2. But in all stages of the progress, even in that 
early one of which we have just spoken, it is necessary, 
in order that the facts may be fit materials of any know- 
ledge, that they should be decomposed into elementary 
facts, and these observed with jirecision. Thus in the first 
infancy of astronomy, the recurrence of phases of the 
moon, of places of the sun’s rising and sotting, of planets, 
of eclijises, was observed to take place at intervals of cer- 
tain definite numbers of days and in a certain exact order; 
aud thus it was that the observations became portions of 
astronomical science. In other cases, although’ the facts 
were equally numerous, and their general aspect equally 
familiar, they led to no science, because their exact cir- 
cumstances were not apprehended. A vague and loose 
mode of looking at facts very easily observable, left men 
for a long time under the belief that a body ten times as 
heavy as another falls ton times as fast; — that objects 
immersed in water are always magnified, without regard 
to the form of the surface ; — that the magnet exerts an 
irresistible force ; — that crystal is always found associated 
with ice; — and the like. These and many others are 
examples how blind and careless man can be, even in 
observation of the plainest and commonest appearances ; 
and they show us that the mere faculties of percej)tion, 
although constantly exercised upon innumemble objects, 
may long fixil in leading to any exact knowledge. 
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< 3. If we further inquire what wa^ the fa Veurahile con- 
dition through which some special class^ of fectS 
from the first, fitted to become portions of science, we 
shall find it to have beOh printeipally this that these 
facts were considered with reference to the idedi of time, 
number, and space^ which are ideas possessing peculiar 
definiteness and precision ; so that with regard to them 
confusion and indistinctness are hardly possible. The 
interval from new moon to new moon was always a par- 
ticular number of days : the sun in his yearly course rose 
and set near to a known succession of distant objects : 
the moon’s path passed among the stars in a certain order : 
—these are observations in which mistake and obscurity 
are not likely to occur, if the smallest degree of attention 
is bestowed upon the task. To count a number is, 
from the first opening of man’s mental faculties, an opc- 
ratioij which no science can render more precise. The 
relations of space are nearest to those of number in 
obvious ind universal evidence. Sciences depending upon 
these ideas arise with the first dawn of intellectual civili- 
zation. But few of the other ideas which man employs 
in the acquisition of knowledge possess this clearness in 
their common use.. The idea of t'esemblance may bo 
noticed as coming next to those of space and number in 
original precision; and the idea of cause, in a certain 
more vague and general mode of ajjplication, sufficient 
for the purposes of common life, but not for the ends of 
science, exercises a very extensive influence over men’s 
thoughts. But the other ideas on which science depends, 
with the conceptions which arise out of them, are not 
unfolded till a much later period of intellectual progress ; 
and therefore, except in such limited cases as I have 
noticed, the observations of common spectators' and uncul- 
tivated nations, however numerous or varied, ai*c of little 
or no effect in giving rise to science. 
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4. l^et US HOW suppose tbat« besides common every- 
day peroeption of facts, we turn our attention to some 
other occurrences and appearances, with a desi^ of ob- 
taining from them speculative knowledge. This process 
is more peculiarly called observation, or, when we our- 
selves occasion the facts, esperiment ♦ But the same re- 
mark which we have already made, still holds good here. 
These facts can be of no value except they are resolved 
into those exact conceptions which contain the essential 
circumstances of the case. They must be determined, not 
indeed necessarily, as has sometimes been said, “ accord- 
ing to Number, Weight, and Measure for, as we have 
endeavoured to show in the preceding Books *, there are 
many other conceptions to which phenomena may be 
subordinated quite different from these, and yet not at 
all less definite and precise. But in order that the facts 
obtained by observation and experiment may be capable 
of being used in furtherance of our exact and solid know- 
ledge, they must be apprehended and analysed according 
to some conceptions which, applied for this purpose, give 
distinct and definite results, such as can be steadily taken 
hold of and reasoned from ; that is, they must be referred 
to clear and appropriate ideas, according to the manner 
in which we have already explained this condition of the 
derivation of our knowledge. The phenomena of lighjt, 
when they are such as to indicate sides in the ray, must 
be referred to the conception of polarization ; the pheno- 
mena of mixture, when there is an alteration of qualities 
as well as quantities, must be combined by a conception 
ekmentarp composition. And thus when mere position, 
and number, and resemblance, will no longer answer the 
purpose of enabling us to connect the facts, we call 
in other ideas, in such eases more efficacious, though 
less obvious* 

* Books V., vi., vii., viiu, ix., X, 
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5. But how are we in these cases to discover sucli 
ideas, and to judge which .will be efficacious, in leading to 
a scientific combination of our experimental data? To 
this question we must in the first place answer, that the 
first and great instrument by which facts, so observed 
with a view to thq formation of exact knowledge, are 
combined into important and permanent truths, is that 
peculiar sagacity which belongs to the genius of a dis- 
coverer; and which, while it supplies those distinct 
and appropriate conceptions which lead to its success, 
cannot be limited by rules, or expressed in definitions. 
It would be difficult or impossible to describe in words 
the habits of thought which led Archimedes to refer the 
conditions of equilibrium on the lever to the conception 
of pressure, while Aristotle could not see in them anything 
more than the results of the strangeness of the properties 
of the circle ; — or which impelled Pascal to explain by 
means of the conception of the weight of air the fact 
which his predecessors had connected by the notion of 
nature’s Jiorror of a vacuum ; — or which caused Vitellio 
and Roger Bacon to refer the magnifying power of a 
cbnvex lens to the bendings of the rays of light towards 
the perpendicular by refraction, while others conceived 
the effect to result from the matter of medium, with no 
consideration of its form. These are what are commonly 
sj^oken of as felicitous and inexplicable strokes of in- 
ventive talent; and such, no doubt, they are. No rules 
can ensure to us similar success in new cases ; or can 
enable men who do not possess similar endowments to 
make like advances in knowledge. 

6. Yet still we may do something in tracing the 
process by which such discoveries are made ; and this it 
is here our business to do. We may observe that these, 
and the like discoveries, are not improperly described as 
happy guesses; and that guesses, in these as in other 
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instances, imply various suppositions made, of wbicli some 
one turns out to be the right one. We may, in sucb cases, 
conceive tbe discoverer as inventing and trying many 
conjectures, till be finds one whicb answers tbe purpose 
of combining tbe scattered facts into a single rule. Tbe 
discovery of general truths from special facts is performed, 
commonly at least, and more commonly than at first ap- 
pears, by the use of a series of suppositions, or hypotheses, 
which are looked at in quick succession, and of which tbe 
one whicb really leads to truth is rapidly detected, and 
when caught sight of, firmly held, verified, and followed 
to its consequences. In the minds of most discoverers, 
this process of invention, trial, and acceptance or rejection 
of the hypothesis, goes on so rapidly that we cannot trace 
it in its successive steps. But in some instances we can 
do so ; and we can also see that the other examples of 
discovery do not differ essentially from these. The same 
intellectual operations take place in other cases, although 
this often happens so instantaneously that we lose the 
trace of the progression. In the discoveries made by 
Kepler, we have a curious and memorable exhibition of 
this process in its details. Tjj^pnks to his communicative 
disposition, we know that he made^inet^en hypotheses 
with regard to the motion of Mars, and calculated the 

results of each, before he established the true doctrine, 

* * 
that the planet’s path is an ellipse. We know, in like 

manner, that Galileo made wrong sujipositions respecting 

the laws of falling bodies, and Mariotte, concerning the 

motion of water in a siphon, before they hit upon the 

correct view of these cases. 

7. But it has very often happened in the history of 
science, that the erroneous hypotheses which preceded 
the discovery of the tmth have been made, not by the 
discoverer himself, but by his precursors ; to whom he 
thus owed the service, often an important one in such 
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eases, of exhausting the most tempting forms of error. 
Thus the various fruitless suppositions by which Kepler 
endeavoured to discover the law of refraction, led the 
way to its real detection by Snell ; Kepler’s numerous 
imaginsctions concerning the forces by which the celestial 
motions are produced, — his “ physical reasonings ” as he 
termed them, — were a natural prelude to the truer physi- 
cal reasonings of Newton. The various hypotheses by 
which the suspension of vapour in air had been explained, 
and their failure, left the field open for Dalton with his 
doctrine of the mechanical mixture of gases. In most 
cases, if we could truly analyse the operation of the 
thoughts of those who make, or who endeavour to make 
discoveries in science, Me should find that many more 
suppositions pass through their minds than those which 
are expressed in words ; many a possible combination of 
conceptions is formed and soon rejected. There is a con- 
stant invention and activity, a perpetual creating and 
selecting power at work, of which the last results only 
are exhibited to us. Trains of hypotheses are called up 
and pass rapidly in review ; and the judgment makes its 
choice from the varied grqjjip. 

8. It wouTO, hoj(|ever, be a great mistake to suppose 
that the hypotheses, among which our choice thus lies, 
are constructed by an enumeration of obvious casef, or 
by a wanton alteration of relations which occur in some 
first hypothesis. It may, indeed, sometimes happen that 
the proposition which is finally established is such as may 
be formed, by some slight alteration, from those which 
are justly rejected. Thus Kepler’s elliptical theory of 
Mars’s motions involved relations of lines and angles much 
of the same nature as his previous false suppositions : and 
the true law of refraction so much resembles those erro- 
neous ones which he tried, that we cannot help wondering 
how he chanced to miss it. But it more frequently 
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bapponS that ffl«w troths are brought into view by the appli- 
cation *of nOw ideas, not by new modiil(iati<ms of oM onesL 
The cause of the properties of the lever was learnt, not 
by introducing any new geometrical combination of lines 
and cirolesi but by referring the properties to |;enuine 
mechanical conceptions. When the motions of the pla- 
nets were to be explained, this was done, not by merely 
improving the previous notions, of cycles of time, but by 
introducing the new conception of epicycles in space. 
The doctrine of the four simple elements was expelled, 
not by forming any new scheme of elements which should 
impart, according to new rules, their sensible qualities to 
their compounds, but by considering the elements of bodies 
as neuti’alizing each other. The fringes of shadows could 
not be explained by ascril^ing new properties to the single 
rays of light, but were reduced to law by referring them 
to the interference of several rays. 

Since the true supposition is thus very frequently 
something altogether diverse from all the obvious con- 
jectures and combinations, we see here how far we are 
from being able to reduce discovery to rule, or to give 
any precepts by which the w^t of real invention and 
sagacity shall be supplied. We may ^rn sAd encourage 
these faculties when they exist, buf^^e cannot create 
them, or mahe great discoveries when they are absent. 

9. The conceptions which a true theory requires are 
very often clothed in a hypothesis which connects with them 
several superfluous and irrelevant circumstances. Thus . 
the conception of the polarization of light was originally ; 
represented iUrider the image of particles of light having, 
their poles all turned in the same direction. Tlie laws pf 
heat may he, made out perhaps rnost conveniently by cop-, 
ceiving heat tojbe o. fifiid. The attraction qt gravitatiop, 
flight h^yq.bee^ successfully applied to the explanation of 
hjUd, thrqughont tioaited, attraction a'S the 
VOL. II. ‘ "" " " ' p '’ 
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result of an ether dilFueed through space; a supposition 
which he has noticed as a possibility. The doctrine of 
definite and multiple proportions may be conveniently 
expressed by the hypothesis of atoms. In such cases the 
hypothesis may serve at first to facilitate the introduction 
of a new conception. Thus a pervading ether might for a 
time remove a difficulty, which some persons find consider- 
able* of imagining a body to exert force at a distance. A 
particle with poles is more easily conceived than polariza- 
tion in the abstract. And if hypotheses thus employed will 
really explain the facts by means of a few simple assump- 
tions, the laws may afterwards be reduced to a simpler 
form than that in which they were first suggested. The 
general laws of heat, of attraction, of polarization, of 
multiple proportions, are now certain, whatever image we 
may form to ourselves of their ultimate causes. 

10. In order, then, to discover scientific truths, 
suppositions consisting either of new conceptions, or of 
new combinations of old ones, are to be made, till nc 
find one which succeeds in binding together the facts. 
But how are we to find this? How is the trial to be 
made ? What is meant by success in these cases ? To 
this wo rei%, that our inquiry must be, whether the 
facts have the sAe relation in the hypothesis which 
they have in reality ; — whether the results of our sup- 
positions agree with the phenomena which nature pre- 
sents to us. For this purpose we must both carefully 
observe the phenomena, and steadily trace the conse- 
quences of our assumptions, till we can bring the two 
into comparison. The Conceptions which our hypotheses 
involve, being derived from certain Fundamental Ideas, 
afford a basis of rigorous reasoning, as we have shown in 
the Books respecting those Ideas. And the results to 
which this reasoning leads will be susceptible of being 
verified or contradicted by observation of the facts. 
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Thus the Epioyolical Theory of the Moon, once assumecl, 
determined what the moon’s place among the stars ought 
to be at any given time, and could therefore be tested by 
actually observing the moon’s places. The doctrine that 
musical strings of the same length stretched with weights 
of 1, 4, 9, 16, would give the musical intervals of an 
octave, a fifth, a fourth, in succession, could be put to the 
trial by any one whose ear was capable of appreciating 
those intervals : and the inference which follows from 
this doctrine by numerical reasoning, — that there must be 
certain imperfections in the concords of every musical 
scale, — could in like manner be confirmed by tryingvarious 
modes of Temperament. In like manner all received 
theories in science, up to the present time, have been 
established by taking up some supposition, and comparing 
it, directly or by means of its remoter consequences, 
with the facts it was intended to embrace. Its agree- 
ment, under certain cautions and conditions, of which 
we may hereafter speak, is held to be the evidence of 
its truth. It answers its genuine purpose, the colligation 
of facts. 

11. When we have, in any subject, succeeded in one 
attempt of this kind, and obtained some true bond of unity 
by which the phenomena are held together, the subject is 
open to further prosecution-; which ulterior process may, 
for the most part, be conducted in a more formal and tech- 
nical manner. The first great outline of the subject is 
drawn ; and the finishing of the resemblance of nature 
demands a more minute pencilling, but perhaps requires 
less of genius in the master. In the pursuance of this 
task, rules and precepts may be given, and features and 
leading circumstances pointed out, of which it may often 
be useful to the inquirer to be aware. 

Before proceeding further, I shall speak of some cha- 
racteristic marks which belong to such scientific processes 
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as are fliow the subject of our consideration, an^ wbich 
sometimes aid ns in determining when the task has 
been rightly executed. 


Chapter V. 

OP CERTAIN CHARACTERISTICS OF SCIENTIFIC 

INDUCTION. 

1. The two operations spoken of in the preceding 
chapters, — the Explication of the Conceptions of our own 
minds, and the Colligation of observed Facts by the aid 
of such Conceptions, — are, as Ave have just said, insepa- 
rably connected with each other. When united, and 
employed in collecting knowledge from the phenomena 
which the world presents to us, they constitute the mental 
process of Induction ; which is usually and justly spoken 
of as the genuine source of all our real genei'ol knowledge 
respecting the external world. And wo see, from the 
preceding analysis of this process into its two constitu- 
ents, from what origin it derives each of its characters. 
It is real, because it arises from the combination of real 
facts, but it is general, because it implies the possession 
of general ideas. Without the fonner, it woukj not he 
knowledge of the external world ; without the latter, it 
would not be knowledge at all. When Ideas and Facts 
are separated from each other, the neglect of facts gives 
rise to empty speculations, idle subtleties, visionary inven- 
tions, false opinions concerning the laws of phenomena, 
disregard of the true aspect of nature : while the want of 
ideas, leaves the mind overwhelmed, bewildered, and stu- 
pified by particular sensations, with no means of connect- 
ing the past with the future, the absent with the present, 
the example with the rule ; open to the impression of all 
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appearances, but capable of appropriating none. Ideas are 
the Fbrih, facts the Matenal, of our structure. Knowledge 
does not consist in the empty mould, or in the brute 
mass of matter, but in the rightly-moulded substance. 
Induction gathers general truths from particular facts ; — 
and in her harvest, the corn and the reaper, the solid ears 
and the binding band, are alike requisite. All our know- 
ledge of nature is obtained by Induction ; the term being 
understood according to the explanation wo have now 
given. And our knowledge is then most complete, then 
most truly deserves the name of Science, when both its- 
elemonts are most perfect ; — when the Ideas which haVe 
been concerned in its formation have, at every step, been 
clear and consistent ; — and when they have, at every step 
also, been employed in binding together real and certain 
Facts. Of such Induction I have already given so many 
examples and illustrations in the two preceding chapters, 
that I need not now dwell further upon the subject. 

2. Induction is familiarly spoken of as the process by 
which we collect a general proposition from a number of 
particular cases : and it appears to be frequently imagined 
that the general proposition results from a mere juxta- 
position of the cases, or at most, from merely conjoining 
and extending them. But if W'e consider the process 
more clgsely, as exhibited in the cases lately spoken of, 
wo shall perceive that this is an inadequate account of 
the matter. The particular facts are not merely brought 
together, but there is a new element added to the combi- 
nation by the very act of thought by which they are com- 
bined. There is a conception of the mind introduced in 
the general proposition, which did not exist in any of the 
observed facts. When the Greeks, after long observing 
the motions of the planets, saw that these motions might 
be rightly considered as produced by the motion of one 
wheel revolving in the inside of another wheel, these 
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wheels were creations of their minds, added to the facts 
which they perceived by sense. And even if the .wheels 
Were no longer supposed to be material, but were reduced 
to mere geometrical spheres or circles, they were not 
the less products of the mind alone, — something addi- 
tional to the facts observed. The same is the case in all 
other discoveries. The facts are known, but they are 
insulated and unconnected, till the discoverer supplies 
from his own stores a principle of connexion. The pearls 
are there, hut they will not hang together till some one 
•provides the string. The distances and periods of the 
planets were all so many separate facts; by Kepler’s 
Third Law they are connected into a single truth : but 
the conceptions which this law involves were supplied by 
Kepler’s mind, and without these, the facts Were of no 
avail. Tlie planets described ellipses round the sun, in 
the contemplation of others as well as of Newton ; but 
Newton conceived the deflection from the tangent in 
these elliptical motions in a new light, — as the effect of 
a central force following a certain law ; and then it was 
that such a force was discovered truly to exist. 

Thus* in each inference made by Induction, there 
is introduced some general conception, which is given, 
not by the phenomena, but by the mind. The conclu- 
sion is not contained in the premises, but includes them 
by the introduction of a new generality. In order to 
obtain our inference, wo travel beyond the cases which 
we have before us ; we consider them as mere exemplifi- 
cations of some ideal case in which the relations are com- 
plete and intelligible. We take a standard, and measure 
the facts by it ; and this standard is constructed by us, 
not offered by Nature. We assert, for example, that a 
body left to itself will move on with unaltered velocity; 

* I repeat here remarka made at the end of tlio Mechanical Eiiclld, 

p.178. 
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not because our senses ever disclosed to us a body doing 
this, but because (taking this as our ideal case) we find 
that all actual cases are intelligible and explicable by 
means of the Conception of Forces, causing change and 
motion, and exerted by surrounding bodies. In like 
manner, we see bodies striking each other, and thus 
moving and stopping, accelerating and retarding each 
other: but in all this, we do not perceive by our senses 
that abstract quantity Momentum, which is always lost 
by one body as it is gained by another. This Momentum 
is a creation of the mind, brought in among the facts, in 
order to convert their apparent confusion into order, their 
seeming chance into certainty, their perplexing variety 
into simplicity. This the Conception of Momentum 
gained an4, lost does : and in like manner, in any other 
case in which a truth is established by Induction, some 
Conception is introduced, some Idea is applied, as the 
means of binding together the facts, and thus producing 
the truth. "" 

3. Hence in every inference by Induction there is 
some Conception superinduced upon the Facts : and we 
may henceforth conceive this to be the peculiar import of 
the term Induction. I am not to be understood as assert- 
ing that the term was originally or anciently employed 
with this notion of its meaning ; for the peculiar feature 
just pointed out in Induction has generally been over- 
looked. This appears by the accounts generally given of 
Induction. “Induction,” says Aristotle'*^, “is when by 
means of one extreme termf we infer the other extreme 
■ term to be true of the middle term.” Thus, (to take 
such exemplifications as belong to our subject,) from 

* Andyt. Prior., lib. ii., c. 23. ntp\ rrjs Inayayiis. 
t The syllogism hero alluded to would be this 

Mercury, Venus, Mars, dt'seribe ellipses about the Sun j 
All Planets ^o what Mercury, Venus, Mars, do; 

Therefore all Planets describe ellipses about the Sun. 
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knowing that Mercury, Venus, Mars, describe ellipses 
abbut the Sun, we infer that all Planets describe jellipses 
about the Sun. In making this inference syllogistically, 
werassumethat the evident’proposition, “Mercury, Venus, 
Mars, do what all Planets do,” may be taken conversely, 
“All Planets do what Mercury, Venus, Mars, do.” But 
we remark that, in this passage, Aristotle (as was natural 
in his line of discussion) turns his attention entirely to 
the evidence of the inference ; and overlooks a step which 
is of far more importance to our knoudedge, namely, the 
invention of the second extreme term. In the above 
instance, the particular luminaries, Mercury, Venus, 
Mars, are one logical extreme', the general designation 
Planets is the middle term ; but having these before us, 
how do we come to think of descnption of ellipses, which is 
the other extreme of the syllogism ? When we have once 
Rented this “ second extreme term,” we may, or may not, 
M satisfied with the evidence of the syllogism ; we may, 
orilnay not, be convinced that, so far as this property 
goes, the extremes are co-exteusive with the middle 
term*; but the statement of the syllogism is the important 
step in science. We know how long Kepler laboured, 
how hard ho fought, how many devices he tried, before he 
hit upon this term, the elliptical motion. He rejected, as 
we know, many other “second extreme terms,” for example, 
various combinations of epicyclical constructions, because 
they did not represent with sufficient accuracy the special 
facts of observation. When he had established his jne- 
miss, that “ Mars does describe an ellipse about the Sun,” 
he does not hesitate to guess at least that, in this respect, 
he might convert the other premiss, and assert that “ All 
the Planets do what Mars does.” But the main business 
was, the inventing and -verifying the proposition respect- 

* EJ o{i» w>TurTpi<f)ti rJ r'^ry B koI ix^ vittpr^vn t6 /mVoi'.-^Abistot. 
Ibid. 
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ing the ellipse. The Invention of the Conception was the 
great step in the discovery; the Verification of the; Pro- 
position was the great step in the proof of the disco- 
very. If Logic consists in pointing out the conditions 
of proof, the Logic of Induction must consist in show- 
ing what are the conditions of proof in such inferences 
as this: but this subject must be pursued in the next 
chapter ; I now speak principally of the act of invention 
which is requisite in every inductive inference. 

4. Although in every inductive inference an act of 
invention is requisite, the act soon slips out of notice. 
Although we bind together facts by superinducing upon 
them a new conception, this conception, once introduced 
and applied, is looked upon as inseparably connected with 
the facts, and necessarily implied in them. Having once 
had the phenomena bound together in their minds in 
virtue of the conception, men can no longer easily restc^; 
them back to the detached and incoherent condition in- 
which they were before they were thus combined. The 
pearls once strang, they seem to form a chain by their 
nature. Induction has given them a unity which it is so 
far from costing us an effort to preserve, tliat it requires 
an effort to imagine it dissolved. For instance, we usually 
represent to ourselves the earth as round, the earth and the 
planets as revolving about the sun, and as drawn to the 
sun by a central force ; we can hardly understand how it 
could cost the Greeks, and Copernicus, and Newton so 
much pains and trouble to arrive at a view which is to us 
so familiar. These are no longer to us conceptions caught 
hold of and kept hold of by a severe struggle ; they are 
the simplest modes of conceiving the facts: they are 
really facts. We are willing to own. our obligation to 
those discoverers, but we hardly fml it : for in what other 
manner (we ask in our thoughts}) could we represent 
the facts to ourselves ? 
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Thus we see why it is that this step of which we 
now.speak, the invention of a new Conception in every 
inductive inference, is so generally overlooked that it has 
hardly been noticed by preceding philosophers. . When 
once performed by the discoverer, it takes a fixed and per- 
manent place in the understanding of every one. It is a 
thought which, once breathed forth, permeates all men’s 
minds. All fancy they nearly or quite knew it before. 
It oft was thought, or almost thought, though never till 
now expressed. Men accept it and retain it, and know 
it cannot be taken from them, and look upon it as their 
own. They will not and cannot part with it, even though 
they may deem it trivial and obvious. It is a secret, 
which once uttered, cannot bo recalled, even though it 
be despised by those to whom it is imparted. As soon 
as the leading term of a new theory has been pronounced 
fold understood, all the phenomena change their aspect. 
There is a standard to which we cannot help referring 
tW^m. We cannot fall back into the helpless and bewil- 
dered state in which w’e gazed at them when we possessed 
no principle which gave them unity. Eclipses arrive in 
mysterious confusion : the notion of a Cycle dispels the 
mystery. The Planets perform a tangled and mazy 
dance; but Epicycles reduce the maze to order. The 
Epicycles themselves run into confusion; the concep- 
tion of an Ellipse makes all clear and simple. And thus 
from stage to stage, new elements of intelligible order 
are introduced. But this intelligible order is so com- 
pletely adopted by the human understanding, as to seem 
part of its texture. Men ask whether Eclipses follow a 
Cycle ; whether the Planets describe Ellipses ; and they 
imagine that so long as they do not answer such ques- 
tions rashly, they takl^ nothing for granted. They do 
not recollect how much they assume in asking the ques- 
tion : — ^how far the conceptions of Cycles and of Ellipses 
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are beyond tKe visible surface of the celestial phenomena : 

^how jnany ages elapsed, how much thought, how much 

observation, were needed,' before ihen’s thoughts were 
fashioned into the words which they now so familiarly 
use. And thus they treat the subject, as we have seen 
Aristotle treating it; as if it were a question, not of 
invention, but of proof; not of substance, but of form: 
as if the main thing were not what wo assert, but how we 
assert it. But for our purpose it is requisite to bear in 
mind the feature which we have thus attempted to mark ; 
and to recollect that in every inference by induction, 
there is a Conception supplied by the mind and superin- 
duced upon the Facts. 

5. In collecting scientific truths by Induction we 
often find (as has already been observed,) a Definition 
and a Proposition established at the same time, — intro- 
duced together and mutually dependent on each other. 
The combination of the two constitutes the Inductive act; 
and w'e may consider the Definition as representing fhe 
superinduced Conception, and the Proposition as exhibit- 
ing the Colligation of Facts. 

6. To discover a conception of the mind which will 
justly represent a train of observed facts is, in some mea- 
sure, a process of conjecture, as I have stated already ; 
and as I then observed, the business of conjecture is 
commonly conducted by calling up before our minds 
several suppositions, and selecting that one which most 
agrees with what we know of the observed facts. Hence 
he who has to discover the laws of nature may have to 
invent many suppositions before he hits upon the right 
one ; and among the endowments which lead to his suc- 
cess, we must reckon that fertility of invention which 
ministers to him such imaginary schemes, till at last he 
finds the one which conforms to the true order of 
nature. A facility in devising hypotheses, therefore, is 
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SO far from being a fault in the intellectual character 
of a discoverer, that it is, in truth, a faculty indispen- 
sable to his task. 'It is, for' his purposes, much better 
that he should be too ready in contriving, too eager in 
pursuing systems which promise to introduce law and 
order among a mass of unarranged facts, than that he 
qhould be barren of such inventions and hopeless of such 
success. Accordingly, as we have already noticed, great 
discoverers have often invented hypotheses which would 
not answer to all the facts, as well as those which would ; 
and have fancied themselves to have discovered laws, 
Which a more careful examination of the facts overturned. 

The tendencies of our speculative nature*, carry- 
ing us onwards in pursuit of symmetry and rule, and 
thus producing all true theories, perpetually show 
their vigour by overshooting the mark. They obtain 
something, by aiming at much more. They detect the 
order and connexion which exist, by conceiving imagi- 
nary relations of order and connexion which have no 
existence. Real discoveries are thus mixed with base- 
less assumptions ; profound sagacity is combined with 
fanciful conjecture ; not rarely, or in peculiar instances, 
but commonly, and in most cases; probably in all, if 
we could read the thoughts of discoverers as we read 
the books of Kepler. To try wrong guesses is, with 
most persons, the only way to hit upon right ones. The 
character of the true philosopher is, not that he never 
conjectures hazardously, but that his conjectures are 
clearly conceived, and brought into rigid contact with 
facts. He sees and compares distinctly tlie ideas and 

* I here take the liberty of characterizing inventive minds in gene- 
ral in the same phraseology which, in the History of Science, I have 
employed in reference to particular examples. These expressions are 
what I have iige<l in speaking of the discoveries of Gopemicus. — 

Ind. Sci,y vol. i. p. 373. 



CHARACrBRIOTICS OF SCIENTIFIC INDUCTION. 221 

the thipgs ;■ — the relations of his notions to each other 
and to phenomena. Under these conditions it is not 
only excusable, but necessary for him, to snatch at every 
semblance of general rule, — to try all promising forms 
of simplicity and symmetry. 

Hence advances in knowledge* are not commonly 
made without the previous exercise of some boldness and 
license in guessing. The discovery of new truths requires, 
undoubtedly, minds careful and scrupulous in examining 
what is suggested ; but it requires, no less, such as are 
quick and fertile in suggesting. What is invention, 
except the talent of rapidly calling before us the many 
possibilities, and selecting the appropriate one? It is 
true that when we have rejected all the inadmissible 
suppositions, they are often quickly forgotten ; and few 
think it necessary to dwell on these discarded hypo- 
theses, and on the process by which they were con- 
demned. But all who discover truths must have reasoned 
upon many errors to obtain each truth; every accepted 
doctrine must have been one chosen out of many candi- 
dates. If many of the guesses of philosophers of bygone 
times now appear fanciful and absurd because timq and 
observation have refuted them, others, wdiich were at the 
time equally gratuitous, have been confirmed in a manner 
which makes them appear marvellously sagacious. To 
form hypotheses, and then to employ much labour and 
skill in refuting, if they do not succeed in establishing 
them, is a part of the usual process of inventive minds. 
Such a proceeding belongs to the rule of the genius of 
discovery, rather than (as has often been taught in modern 
times) to the eafception. 

7. But if it be an advantage for, the discoverer of 

* These observations are made on occasion of Kepler’s speculations, 
and are illastrated by reference to his discoveries. — Hist, Ind. Sd., 

i. p. 4U— 414. 
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truth that he be ingenious and fertile in inventing hypo- 
theses which may connect the phenomena of nature, it is 
indispensably requisite that he be diligent and careful in 
comparing his hypotheses with the facts, and ready to 
abandon his invention as soon as it appears that it does 
not agree with the course of actual occurrences. This 
constant comparison of his own conceptions and suppo- 
sition with observed facts under all aspects, forms the 
leading employment of the discoverer: this candid and 
simple love of truth, which makes him willing to sup- 
press the most favourite production of his own ingenuity 
as soon as it appears to be at variance with realities, 
constitutes the first characteristic of his temper. He 
must have neither the blindness which cannot, nor the 
obstinacy which will not, perceive the discrepancy of his 
fancies and his facts. He must allow no indolence, or 
partial views, or self-complacency, or delight in seeming 
demonstration, to make him tenacious of the schemes 
which he devises, any further than they are confirmed by 
their accordance with nature. The framing of hypothe- 
ses is, for the inquirer after truth, not the end, but the 
beginning of his work. Each of his systems is invented, 
not that he may admire it and follow it into all its con- 
sistent consequences, but that he may make it the occa- 
sion of a course of active experiment and observation. 
And if the results of this process contradict his funda- 
mental assumptions, however ingenious, however symme- 
trical, however elegant his system may be, he rejects it 
without hesitation. He allows no natural yearning for 
the offspring of his own mind to draw him aside from 
the higher duty of loyalty to his sovereign, Truth: to 
her he not only gives his affections and his wishes, but 
strenuous labour and scrupulous minuteness of attention. 

We may refer to what we have said of Kepler, New- 
ton, and other eminent philosophers, for illustrations of 
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this character. In Kepler we have remarked* the 
courage and perseverance with which he undertook and 
executed the task of computing his own hypotheses: 
and, as a still more admirable characteristic, that he never 
allowed the labour he had spent upon any conjecture to 
produce any reluctance in abandoning the hypothesis, as 
soon as he had evidence of its inaccuracy. And in the 
history of Newton’s discovery that the moon is retained 
in her orbit by the force of gravity, we have noticed the 
same moderation in maintaining the hypothesis, after it 
had once occurred to the author’s mind. The hypothesis 
required that the moon should fall from the tangent of 
her orbit every second through a space of sixteen feet ; 
but according to his first calculations it appeared that in 
fact she only fell through a space of thirteen feet in that 
time. The difference seems small, the approximation 
encouraging, the theory plausible ; a man in love with 
his own fancies would readily have discovered or invented 
some probable cause of the difference. But Newton 
acquiesced in it as a disproof of his conjecture, and “ laid 
aside at that time any further thoughts of this matter f.” 

8. It has often happened that those who have under- 
taken to instruct mankind have not possessed this pure 
love of truth and comparative indifterence to the main- 
tenance of their own inventions. Men have frequently 
adhered with great tenacity and vehemence to the hypo- 
theses which they have once framed ; and in their affec- 
tion for these, have been prone to overlook, to distort, 
and to misinterpret facts. In this manner hypotheses 
have so often been prejudicial to the genuine pursuit of 
truth, that they have fallen into a kind of obloquy ; and 
have been considered as dangerous temptations and fal- 
lacious guides. Many warnings have been uttered agaiiist 
the fabrication of hypotheses by those who profess to 

* HWt. /ncf. Sci.t t., 414. + Ib., H., 160. 
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teach philosophy ; many disclaimers of such a course by 
'those who cultivate science. 

Thus we shall find Bacon frequently discommending 
this habit, under the name of “ anticipation of the mind,” 
and Nel^ton thinks it necessary to say emphatically 
hypotheses non fingo.” It has been constantly urged 
' that the inductions by which sciences are formed must 
be cautious and rigorous; and the various imaginations 
which passed through*^Kepler’s brain, and to w^ich he 
has^iven utterance, have been blamed or pitied as la- 
mentable instances of an unphilosophical frame of mind. 
Yet it has appeared in the preceding remarks that hypo- 
theses rightly used are among the helps, far more than 
the dangers, of science ; — that scientific induction is not 
a “cautious” or a “rigorous” process in the sense of 
ahstaining from such suppositions, but in not adhering to 
them till they are confirmed by fact, and in carefully 
seeking!' Imn facts confirmation or refutation. Kepler s 
character was, not that he was peculiarly given to the 
construction of hypotheses, but that he narrated with 
extraordinary copiousness and candour the course of his 
thoughts, his labours, and his feelings. In the minds of 
most persons, as we have said, the inadhiissible supposi- 
tions, when rejected, are soon forgotten : and thus the 
trace of them vanishes from the thoughts, and the suc- 
cessful hypothesis alone holds its place in our memory. 
But in reality, many other transient] suppositions must 
have been made by all discoverers; — hypotheses which 
are not afterwards asserted as true systems, but enter- 
tained for an instant ; — “ tentative hypotheses,” as they 
havq been called. Each of these hypotheses is followed 
by its corresponding train of observations, fi’om which it 
derives its power of leading to truth. The^ hypothesis is 
like the captain, and the observations like the soldiers of 
an army ; white lie appears to command them, and in this 
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way to worjc his own will, he does in fact derive all his 
power of conquest from? their obedience, and becomes 
helpless and useless if they mutiny. 

Since the discoverer has thus constantly |p work 
his way onwards by means of hypotheses, false and true, 
it is highly important for him to possess talents and 
means for rapidly testing each supposition as it offers 
itself. In this as in other parts of^Jie work of discovery, 
success has in general been maiijjy owing to the n^ve 
ingenuity and sagacity of the discoverer’s mind. Yet 
some rules tending to further this object have been 
delivered by eminent philosophers, and some others may 
perhaps be suggested. Of these we shall here notice 
only some of the most general, leaving for a future chap- 
ter the consideration of some more limited and detailed 
processes by which, in certain cases, the discovery of the 
laws of nature may be materially assisted. 

9. A maxim which it may be useful to recollect 
is this; — that hypotheses may often be of service to 
science, when they involve a certain j)ortion of incom- 
])leteness, and even of error. The object of such inven- 
tions, is to bind together facts Avhich without them are 
loose and detached ; and if they do this, they may lead 
the way to a perception of the true rule by which the 
phenomena are associated together, even if they them- 
selves somewhat misstate the matter. The imagined 
arrangement enables us to contemplate as a whole a col- 
lection of ^special cases which perplex and overload our 
minds Avhen they ate considered in succession ; and if 
eur scheme has so much of truth in it as to conjoin wlmt 
is really connected, we may afterwards duly correct orlimit 
the mechanism of this connexion. If our hypothesis 
I’enders a reason’ for the agreement of cases really similar, 
^'e may afterwards find this reason to be false, hut we 
'^liall be able to translate it into the lan^age of trutli.. 

VOL. 11, " Q 
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A conspicuous example of such an hypothesis, one 
which was of the highest value to science, though very 
incomplete, and as a representation of nature altogether 
false, is .geen in the doctnne of epicycles by which the 
ancient astronomers explained flie motions of the sun, 
moon, and planets. This doctrine connected tl^e places 
and velocities of these bodies at particular times in a 
ma^er which w^as, in its general features, agreeable to 
nature. Yet this doctrine was erroneous in its assertion 
of the circular nature of all the celestial motions, and in 
making the heavenly bodies revolve round the earth. It 
was, however, of immense value to the progress of astro- 
nomical science; for it enabled men to express and 
reason upon many important truths which they discovered 
respecting the motion of the stars, up to the time of 
Kepler. Indeed we can hardly imagine that astronomy 
could,. in its outset, have made so great a progress under 
any other foim, as it did in consequence of being cul- 
tivated in this shape of the incomplete and false epicy- 
clical liy'pothesis. 

We may notice another instance of an exploded hypo- 
thesis, which is generally mentioned only to be ridiculed, 
and which undoubtedly is both false in the extent of its 
assertion, and unphilosopliical in its expression ; but 
which still, in its day, was not without merit. I mean 
the doctrine of Nature's horren' of a vacuum {fuga vacui,) 
by which the action of siphons and pumps and many 
other phenomena were explained, till Mersenrfe and Pas- 
cal taught a truer doctrine. This h^othesis was of real 
service ; for it brought together many facts which really 
belong to the same class, although they are very different 
in their first aspect. A scientific writer of modem times* 
appears |p «yonder that men did not at once divine the 
weight of the air from which the phenomena formerly 
* lyKLvc, Modijieations de r Atmosphere, i. 
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ascribed to the fuga vacui really result. “ Loaded, com- 
pressed by the atmosphere,” he says, “they did not recog- 
nize its action. In vain all nature testified that air was 
elastic and heavy ; they shut their eyes to her testimony. 
The water rose in punjps and flowed in siphons at that 
time as it does at this day. Tliey could not separate the 
boards of a pair of bellows of which the holes were 
stopped; and they could not bring together the same 
boards without difficulty if they were at first sepaj^ted. 
Infants sucked the milk of their mothers ; air entered 
rapidly into the lungs of animals at every inspiration ; 
cupping-glasses 'produced tumours on the skin ; and in 
spite of all these striking proofs of the weight and elas- 
ticity of the air, the ancient philosophers maintained 
resolutely that air was light, and explained all these 
])henomena by the horror which they said nature had for 
a vacuum.” It is curious that it should not have occurred 
to the author while writing this, that if these facts, so 
numerous and various, can all be accounted for by one 
principle, there is a sti’ong presumption that the principle 
is not altogether baseless. And in reality is it not true 
that nature does abhor a vacuum, and do all she can to 
avoid it? No doubt this power is not unlimited; and 
we can trace it to a mechanical cause, the pressure of the 
circumambient air. But the tendency, arising from this 
pressure, which the bodies surrounding a space void of 
air have to rush into it, may be expressed, in no extra- 
vagant Of unintelligible manner, by saying that nature 
has a repugnance to a vacuum. 

That imperfe^ and false hypotheses, though they 
may thus explain some phenomena, and may be useful in 
the progress of science, cannot explain all phenomena ; 

■ — and that we are never to rest in our labours or acqui- 
esce in our results, till we have found som^ view of the 
subject which is consistent with <dl the observed facts 

Q 2 
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will of course be understood. We shall afterwards have 
to speak of the other steps of such a progress. 

10. The hypotheses which we accept ought to explain 
phenomena which we have observed. But they ought to 
do more than this : they ought to fwetel phenomena 
which have not yet been observed ; — at least all of the 
same kind as those which the hypothesis was invented to 
explain. For our assent to the hypothesis implies that 
it i^ held to be true of all particular instances. That 
these cases belong to past or to future times, that they 
have or have not already occurred, makes no difference 
in the applicability of the rule to them. Because' the 
rule prevails, it includes all cases ; and will determine 
them all, if we can only calculate its real consequences. 
Hence it will predict the results of new combinations, as 
well as explain the appearances which have occurred in 
old ones. And that it does this with certainty and cor- 
rectness, is one mode in wdiich the hypothesis is to he 
verified as right and useful. 

The scientific doctrines which have at various periods 
been established have been verified in this manner. For 
example, the Epicyclical Theory of the heavens was con- 
firmed by its predicting truly eclipses of the sun and 
moon, configurations of the planets, and ‘other celestial 
phenomena; and by its leading to the construction of 
Tables by which the places of the heavenly bodies were 
given at every moment of time. The truth and accuracy 
of these predictions were a proof that the hypothesis v as 
valuable and, at least to a great extent, true ; although, 
as was afterwards found, it involved a mlse representation 
of the structure of the heavens. In like manner, the 
discovery of the Laws of Refraction enabled mathema- 
ticians to predict, by calculation, what would be the 
effect of any new form or combination of transparent 
lenses. Newton’s hypothesis of Fits of Easy Transmis- 
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sion and Easy Reflection in the particles of light, although 
not confirtned by other kinds of facts, involved a true 
statement of the law of the phenomena which it was 
framed to include and served to predict the forms and 
colours of thin plates for a wide range of given cases. 
The hypothesis that Light operates by Undulations and 
Interferences, afforded the means of predicting results 
under a still larger extent of conditions. In like manner 
in the progress of chemical knowledge, the doctrine of 
Phlogiston supplied the means of foreseeing the conse- 
quence of many combinations of elements, even before 
tlioy Avere tried ; but the Oxygen Theory, besides afford- 
ing predictions, at least equally exact, with regard to the 
general results of chemical operations, included all the 
facts concerning the relations of weight of the elements 
and their compounds, and enabled chemists to foi'esee 
such facts in untried cases. And the Theory of Electro- 
magnetic Forces, as soon as it M'as rightly understood, 
enabled those who had mastered it to predict motions 
such as had not been before observed, which were accord- 
ingly found to take place. 

Men cannot help believing that the laws laid down by 
discoverers must be in a great measure identical with the 
real laws of nature, when the discoverers thus determine 
effects beforehand in the same manner in which nature 
licrself determines them Avheii the occasion occurs. Those 
who can do this, must, to a considerable extent, have de- 
tected nature’s secret ; — must have fixed upon the condi- 
tions to which she^tends, and must have seized the rules 
l)y Avhich she a])plies them. Such a coincidence of untried 
facts with speculative assertions cannot be the work of 
chance, but implies some large portion of truth in the 
I'riuciples on which the reasoning is founde#. To trace 
Older and law in that which has been observed, may be 
considered as interpreting what nature has written down 
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for US, and will commonly prove that we understand her 
alphabet. But to predict what has not been observed, is 
to attempt ourselves to use the legislative phrases of 
nature ; and when she responds plainly and precisely to 
that which we thus utter, we cannot but suppose that we 
have in a great measure made ourselves masters of the 
meaning and structure of her language. The prediction 
of results, even of the same kind as those which have 
been observed, in new cases, is a proof of real success in 
our inductive processes. 

11. We have here spoken of the prediction of facts 
of the same kind as those from which our rule was col- 
lected. But the evidence in favour of our induction is 
of a much, higher and moi’e forcible character when it 
enables us to explain and determine cases of a kind 
difei'ent from those which w'ere contemplated in the 
formation of our hypothesis. The instances in which 
this has occurred, indeed, impress us with a conviction 
that the truth of our hypothesis is certain. No accident 
could give rise to such an extraordinary coincidence. No 
false supposition could, after being adjusted to one class 
of phenomena, so exactly represent a different class, when 
the agreement was unforeseen and uncontemplated. That 
rules sininging from remote and unconnected (Quarters 
should thus leap to the same point, can only arise from 
that being the point where truth resides. 

Accordingly the cases in which inductions from classes 
of facts altogether different have thus jumped together, 
belong only to the best established flheories which the 
history of science contains. And as I shall have occasion 
to refer to this peculiar feature in their evidence, I will 
take the liberty of describing it by a particular phrase ; 
and will terpi it the Consilience of Inductions. 

It is exemplified principally in some of the greatest 
discoveries. Thus it was found by Newton that the 
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doctrine of the attraction of the sun varying according to 
the inverse square of this distance, which explained 
Kepler’s third law of the proportionality of the cubes of 
the distances to the squares of the periodic times of the 
])lanets, explained also his first and second laws of the 
clliiJtical motion of each }>laiiet ; although no connexion 
of these laws had been visible before. Again, it appeared 
that the force of universal gravitation, which had been 
inferred from the 'perturhations of the moon and planets 
by the sun and by each other, also accounted for the fact, 
apparently altogetlier dissimilar and remote, of the pre- 
cession of the equinoifes. Here was a most striking and 
surprising coincidence, which gave to the theory a stamp 
of truth beyond the power of ingenuity to counterfeit. 
In like manner in optics ; the hypothesis of glternate fits 
of easy transmission and reflection would explain the 
colours of thin plates, and indeed was devised and ad- 
justed for that very purpose; but it could give no account 
of the phenomena of the fringes of shadows. But the 
doctrine of interferences, constructed at first with refer- 
ence to phenomena of the nature of the fringes, explained 
also the colours of thin pdates better than the supposition 
of the fits invented for that very purpose. And we have 
ill physical optics another example of the same kind, 
which is quite as striking as the explanation of precession 
by inferences from the facts of perturbation. The doc- 
trine of undulations propagated in a spheroidal form was 
contrived at first by Iluyghens, with a view to explain 
the laws of doubly refraction in calc-spar ; and was pur- 
sued with the same view by Fresnel. But in the course 
of the investigation it appeared, in a most unexpected 
and wonderful manner, that this same doctrine of sphe- 
roidal ufldulations, when it was so modified as to account 
for the directions of the two refracted rays, accounted 
also for the positions of their planes of polarization* ; a 
* HUt. Ind. Sci., ii. 420. 
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phenomenon whicJi, taken by itself, it had perplexed 
previous mathematicians, eveij. to represent. 

The tlieory^f universal gravitation, and of tlie inidii- 
latory theory of light, are, indeed, full of examples of 
this Consilience of Inductions. With regard to the latter, 
it has been justly asserted by Herschel, that the history 
of the undulatory theory was a succession of Jelicities* . 
And it is precisely the unexpected coincidences of results 
drawn from distant parts of the subject which are pro- 
perly ^hus described. Thus the Jaws of the modification 
of polarization to which Fresnel was led by his. general 
views, accounted for the rule respecting the angle at 
which light is polarized, discovered by Brewsterf. Tlio 
conceptions of the theory jiointed put peculiar modifica- 
tions of th(^*phenomena when Newton's rings were ])ro- 
duced by polarized light, which were ascertained to take 
place in fact, by Arago and Airy:!:. When the beautiful 
phenomena of dipolarized light were discovered by Arago 
and Biot, Young was able to declare that they avch' 
reducible to the general laws of interference which lie 
had already established^. And what was no less striking 
a confirmation of the truth of the theory, measures of tlic 
same element deduced from various classes of facts were 
found to coincide. Thus the length of a luminiferous 
undulation, calculated by Young from the measurement 
of fringes of shadows, was found to agree very nearly with 
the previous calculation from the colours of thm plates\\. 

No example can be pointed out, in the whole history 
of science, so far as Ij,,am aware, in which this Consilience 
of Inductions has given testimony in favour of an hypo- 
thesis afterwards discovered to be folse. If we take one 
class of facts only, knowing the law w’hich they follow, 
we may construct an hypotheses, or perhaps several, 
which may represent them : and as new circumstances are 

* See iyw<. /«<!. /Siii., ii. 436. 76., 423. 

t Ib., 450. § 76., 426. || 76., 400. 
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discovered, we may often adjust the hypothesis so as to 
correspond to these also.-* But when tlie hypothesis, of 
itself and without adjustment for th^purpose, gives 
VIS the rule and reason of a class of facts not contem- 
plated in its construction, we have a criterion of its 
reality, which has never yet been produced in favour of 
falsehood. 

12. In the preceding section I have spoken of the 
hypothesis with which we compare our facts as being 
framed all at 07 ice, each of its ])arts being inclutled in 
the original scheme. In reality, however, it often haj^pens 
that the various suppositions which our system contains 
are added upon occasion of difTerent researches. Thus in 
the Ptolemaic doctrine of the heavens, new epicycles and 
eccentrics were added as new inecpialities of the motions 
of the heavenly bodies were discovered ; and in the 
Newtonian doctrine of material rays of light, the sujipo- 
sition that these rays had “fits,” Avas added to explain 
the colours of thiti plates ; and the supposition that they 
had “sides” was introduced on occasion of the pheno- 
mena of polarization. In like manner other theories have 
been built up of parts devised at difterent times. 

This being the mode iti which theories arc often 
framed, we have to notice a distinction which is found to 
])revail in the progress of true and of false theories. In 
the former class all the additional suj)positioits tend to 
simplicity and harmony; the neAV suppositions resolve 
themselves into the old ones, or at least reijuire only 
some easy modification of the hyi>othesis first assumed : 
tho system becomes more coherent as it is further ex- 
tended. The elements which we require for explaining 
a new class of facts are already contained in our system. 
Different members of the theory run together, and we 
have thus a constant coiiA'crgencc to unity. In false 
theories, the contrary is the case. The new suppositions 



284 COffSTRVOTION OF SCIENCE. 

are something altogether additional ; — ^not suggested by 
the original scheme ; perhaps difficult to reconcile with 
it. Every such' addition adds to the complexity of the 
hypothetical system, which at last becomes unmanageable, 
and is compelled to surrender its place to some simpler 
explanation. 

Such a false theory, for example, was the ancient 
doctrine of eccentrics and epicycles. It explained the 
general succession of the places of the Sun, Moon, and 
Planet’s ; it would not have ex2)lainecl the jwoportion of 
their magnitudes at different times, if these cojjid have 
been accurately observed ; but this the ancient astrono- 
mers were unable to do. When, however, Tycho and other 
astronomers came to be able to observe the iilanets 
accurately in all positions, it was found that no combina- 
tion of equable circular motions would exactly represent 
all the observations. We may see, in Kepler’s works, the 
many new modifications of the epicyclical hypothesis 
which offered themselves to him ; some of which would 
have agreed with the phenomena with a certain degree of 
accuracy, but not so great a degree as Kejiler, fortunately 
for the progress of science, insisted upon obtaining. After 
these epicycles had been thus accumulated, they all disap- 
peared and gave way to the simpler conception of an 
elliptical motion. In like manner, the discovery of new 
inequalities in the moon’s motions encumbered her system 
more and more with new machinery, which was at last 
rejected all at once in favour of the elliptical theory. 
Astronomers could not but suppose themselves in a 
wrong path when the j^rospect grew darker and more 
entangled at every step. 

Again ; the Cartesian system of vortices might be 
said to explain the primary phenomena of the revolutions 
of planets about the sun, and satellites about idanets. 
But the elliptical form of the orbits required new suppo- 
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sitions. Bernoulli ascribed this curve to the shape of the 
planet, operating on the stream of the vortex in a manner 
similar to the rudder of a boat. But then the motions of 
the aphelia, and of the nodes, — the perturbations, — even 
the action of gravity to the earth, — could not be accounted 
for without new and independent suppositions Here 
was none of the simplicity of truth. The theory of 
gravitation on the other hand became more simple as 
the facts to be explained became more numerous. The 
attraction of the sun accounted for the motions of the 
planets ? the attraction of the j^lanets was the cause of 
the motion of the satellites. But this being assumed, the 
perturbations, the motions of the nodes and aphelia, only 
made it requisite to extend the attraction of the sun to 
the satellites, and that of the planets to each other : — the 
tides, the spheroidal form of the earth, the ]>recession, 
still required nothing more than that the moon and sun 
should attract the parts of the earth, and that these 
should attract each other; — so that all the suppositions 
resolved themselves into the single one, of the universal 
gravitation of all matter. It is difficult to imagine a 
more convincing manifestation of simplicity and unity. 

Again, to take an example from another science; — 
the doctrine of phlogiston brought together many facts 
in a very plausible manner, — combustion, acidification, and 
others, — and very naturally prevailed for a while. But the 
balance came to be used in chemical operations, and the 
facts of weight as well as of combination were to be 
accounted for. On the phlogistic theory, it appeared that 
this could not be done without a new supposition, and 
that a very strange one ; — that phlogiston was an element 
not only not heavy, but absolutely light, so that it dimi- 
nished the weight of the compounds into which it entered. 
Some chemists for a time adopted this extravagant view; 
but the wiser of them saw, in the necessity of such a 
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supposition to the defence of the theory, an evidence that 
the hypothesis of an element phlogiston "Was erroneous. 
And the 0})posite hypothesis, which taught that oxygen 
was subtracted, and not phlogiston added, was accepted 
because it required no such novel and inadmissible as- 
^eumption. 

Again, u’e find the same evidence of truth in the 
progress of the undulatory theory of light, in the course 
of its aj)plication from one class of facts to another. 
Thus Ave explain reflection and refraction by undulations; 
when Ave come to thin plates, the requisito".“ fits ” are 
already involved in our fundamental hypothesis, for they 
are the length of an undulation: the phenomena of dif- 
fraction also require such inteiwals; and the intervals 
thus required agree exactly Avith the others in magnitude, 
so that no noAv property is needed. Polarization for a 
moment apjiears to re<|nire some now hypothesis ; yet 
this is hardly the case; for the direction of our vibrations 
is hitherto arbitrary: — we alloAv polarization to decide it, 
and Ave suppose the undulations to be transverse. Having 
done this for the sake of polarization, Ave turn to tlio 
phenomena of double refraction, and inquire AA'hat new 
hypothesis they require. But the ansAver is, that they 
require none : the supposition of transverse vibrations, 
Avhich AA'e have made in order to explain polarization, 
gives us also the laAv of double refraction. Truth may 
give rise to such a coincidence ; falsehood cannot. Again, 
the facts of dipolarization come into vieAA’. But they 
hardly require any ncAV assumption ; for the difference of 
optical elasticity of crystals in difterent directions, Avhich 
is already assumed in uniaxal crystals* is extended to 
biaxal exactly according to the law of symmetry; and 
this being done, the laws of the phenomena, curious and 
complex as they are, are fully explained. The phenctmena 

* Hint. Ind. SeS:, U. 427. 
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of circular polarization by internal reflection, instead of 
requiring a new hypothesis, are found to be given by an 
interpretation of an apparently inexplicable result of an 
old hypothesis. The circular polarization of quartz and 
its double refraction does indeed appear to require a new 
assumption, but still not one which at all disturbs the^ 
form of the theory; and in short, the whole history of 
this theory is a progress, constant and steady, often stri- 
king and startling, from one degree of evidence and con- 
sistence to another of higher order. 

In t^ jgmission theory, on the other hand, as in the 
theory of solid epicycles, we see what we may consider 
as the natural course of things in the career of a false 
theory. Such a theory may, to a certain extent, explain 
the phenomena which it was at first contrived to meet ; 
hut every new class of facts requires a new supposition — ■ 
an addition to the machinery : and as observation goes 
on, these incoherent appendages accumulate, till they 
overwhelm and upset the original frame-work. Such has 
been the hypothesis of the material emission of light. 
In its original form it explained reflection and refraction: 
hut the colours of thin plates added to it the fits of easy 
transmission and reflection ; the phenomena of diffraction 
further invested the emitted particles with complex laws 
of attraction and repulsion ; polarization gave them sides : 
double refraction subjected them to peculiar forces ema- 
nating from the axes of the crystal : finally, diimlarization 
loaded them with the complex and unconnected con- 
trivance of moveable polarization : and oven Avhen all 
this had been done, additional mechanism was wanting. 
There is here no unexpected success, no happy coinci- 
dence, no convergence of principles from remote quar- 
ters. The philosopher builds the machine, but its parts 
do not fit. They hold together only while he presses 
them. This is not the character of truth. 

As another example of the application of the maxim 
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now und» consideration, I may perhaps bo allowed to 
refer to the judgment which, in the History of Ther- 
motics, I have ventured to give respecting Laplace’s 
Theory of Gases. I have stated*, that we cannot help 
forming an unfavourable judgment of this theory, by 
•looking for that great characteristic ^ of true theory; 
namely, that the hypotheses which were assumed to 
account for one class of facts are found to explain another 
class of a different nature. Thus Laplace’s first supposi- 
tions explain the connexion of compression with density, 
(the law of Boyle and Mariotte,) and the c^ij^xion of 
elasticity with heat, (the law of Dalton and Gay Lussac.) 
But the theory requires other assumptions when we come 
to latent heat ; and yet these new assumptions produce 
no effect upon the calculations in any application of the 
theory. When the hypothesis, constructed with refer- 
ence to the elasticity and temperature, is applied to 
another class of facts, those of latent heat, we have no 
Simplification of the Hypothesis, and therefore no evi- 
dence of the truth of the theory. 

13. The two last sections of this chapter direct our 
attention to two circumstances, which tend to prove, in 
a manner which we may term irresistible, the truth of 
the theories w’hich they characterize : — ^the Consilience of 
Inductions from different and separate classes of facts; 

• — and the progressive Simplification of the Them'y as it 
is extended to new cases. These two Characters are, in 
fact, hardly different ; they are exemplified by the same 
cases. For if these Inductions, collected from one class 
of facts, supply an unexpected explanation of a new class, 
which is the case first spoken of, there will be no need 
for new machinery in the hypothesis to apply it to the 
newly-contemplated facts; and thus we have a case in 
which the system does not become more complex when 
its application is . extended to a wider field, which was 
* Hist, Ivd. /SW., ii. 630. 
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the character of true theory in its second a^ect. The 
Consiliences of our Inductions give rise to a constant 
Convergence of our Theory towards Simplicity and Unity. 

But, moreover, both these cases of the extension of 
the theory, without difficulty or new suppositions, to a 
wider range and'lni new classes of phenomena, may be con- 
veniently considered in yet another point of view; namely, 
as successive steps by which we gradually ascend in our 
speculative views to a higher and higher ’I)oint of gene- 
rality. For when the theory, either by the concurrence of 
two indications, or by an extension without complication, 
has included a new range of phenomena, we have, in fact, 
a new induction of a more general kind, to which the 
inductions formerly obtained are subordinate, as particular 
cases to a general proposition. We have in such exam- 
ples, in short, an instance of successive genernlization. 
This is a subject of great importance, and deserving of 
being well illustrated ; it will come under our notice in 
the next chapter. 


Chapter VI. 

OF THE LOGIC OF INDUCTION. 

1. The subject to which the present chajjter refers is 
described by phrases which are at the present day fami-* 
liarly used in speaking of the progress of knowledge. 
We hear very frequent mention of ascending from par- 
ticular to general propositions, and* from these to propo- 
sitions still more general; — of truths included in other 
truths of a higher degree of generality; — of different 
doges of generalizatiem ; — and of the highest step of the 
process of discovery, to which all others are subordinate 
and preparatory. As these expressions, so familiar to our 
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e(Ufs,:eip^ially sinee the time of Francis Bacon, denote, 
ver;j^ si^ificantly, processes and relations which are of 
gi^at importance in the formation of science, it is neces- 
saiy for ns to give a clear account of them, illustrated 
with general exemplifications, and this we shall endeavour 
to 4o. ‘ 

We have, indeed, already explained that science con- 
sists of propositions which include the facts from which 
. they wer^ collie ted ; and other wider propositions, col- 
lected in like manner from the former, and including 
them. Thus, that the stars, the moon, the su^i^ rise, cul- 
minate, and set, are facts included in the proposition tliat 
the heavens, carrying with them all the celestial bodies, 
have a diurnal revolution about, the axis of the’ earth. 
Again, the observed monthly motions of the moon, and 
the annual motions of the sun, are included in certain 
propositions concerning the movements of those liuni- 
naries with resjject to the stars. But all these proposi- 
tions are really included in the doctrine that the eartli, 
revolving on its axis, moves round the sun, and the 
moon round the earth. These movements, again, consi- 
dered as facts, are explained and included in the state- 
ment of the forces which the earth exerts upon the moon, 
and the sun upon the earth. Again, this doctrine of 
the forces of these two bodies is included in the asser- 
tion, that all the bodies of the solar system, and all parts 
.'of matter, exert forces, each upon each. And we might 
easily show that all the leading facts in asttonomy are 
comj)rehended in the same generalization. In like man- 
mer with regard to any other science, so fer as its truths 
have been well established and fully developed, we might 
show that it consists of a gradation of propositions, pro- ^ 
ceeding from the most special facts to the most general 
theoretical assertions. We shall exhibit this gradation 
in some of the principal branches of science. • 
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2. This gradation of truths, successively included in 

other truths, may be conveniently repitesented hy Taiies 
resembling the genealogical tables by which the deriva- 
tion of descendants from a common ancestor is exhibited ; 
except that it proper in this case to invert the form of 
the Table, and to^ake it converge to unity downwards 
instead of upwards, since it has for its purpose to express, 
not the derivation of many from one, but the collection 
of one truth from many things. Two or mofe co-ordinate 
facts or 'propositions may be ranged side by side, and 
joined by sofse mark of connexion, (a bracket, as — ' 

or I Ij) beneath which may be placed the more 

general proposition which is collected by induction from 
the former. Again, propositions co-ordinate with this 
more general one may be placed on a level with it ; and 
the combination of these, and the result of the combina- 
tion, ma/ be indicated by brackets in the same manner ; 
and so on, through any number of gradations. By this 
means the streams of knowledge from various classes of 
facts will constantly run together into a smaller and smaller 
number of channels ; like the confluent rivulets of a great 
river, coming together from many sources, uniting their 
ramifications so as to form larger branches, these again 
uniting in a single trunk. The genealogical tree of each 
great portion of science, thus formed, will contain all the 
leading truths of the science arranged in their due co- 
ordination and subordination. Such Tables, constructed 
for the sciences of Astronomy and of Optics, will be give® 
at the end of this chapter. 

3. The union of co-ordinate propositions into a pro- 
position of a higher order, which occurs in this Tree of 
Science wherever two twigs unite in one branch, is, in 
each case, an example of Induction. The single propo- 
sition is collected*by the process of induction from its 
several members. But here we may observe, that the 

VOL. II. R 
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ima^ of a mere mion of the parts at eaoh of these 
points, which theofigure of a tree or a river presents, is 
very inadequate to convey the true state of the case ; for 
in Induction, as we have seen, besides mere collection of 
particulars, there is always a new conception, a principle 
of connexion and unity, supplied by tlSa mind, and super- 
induced upon the particulars. Thei’c is not merely a 
juxtaposition of materials, by which the new proposition 
contains all that its component parts contained ; but also 
a formative act exerted by the understanding, so that 
these materials are contained in a new shap%^ We must 
remember, therefore, that our Inductive Tables, although 
they represent the elements and the order of these induc- 
tive steps, do not fully represent the whole signification 
of the process- in each case. 

4. The principal features of the progress of science 
spoken of in the last chapter are clearly exhibited in 
those Tables ; namely, the Cmsilience of Inductions, and 
the constant Tendency to Simplicity observable in true 
theories. Indeed in all cases in which from propositions 
of considerable generality, propositions of a still higher 
degree are obtained, there is a convergence of inductions; 
aud if in one of the lines which thus converge, the steps 
be r.apidly and suddenly made in order to meet the 
other line, we may consider that we have an example of 
Consilience. Thus when Newton had collected from 
Kepler’s Laws the Central Force of the sun, and from 
these, combined with other facts, the Universal Force of 
all the heavenly bodies, he suddenly turned round to 
include in his generalization the Precession of the Equi- 
noxes, which he declared to arise from the attraction of 
the sun and moon upon the protuberant part of the ter- 
restrial spheroid. The apparent remoteness of this fact, 
in its nature, from the others with which he thus asso- 
ciated it, causes this part of his reasooing to strike us 
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as a reiharkable example of Consilience. Accordingly, 
in the Table of Astronomy we find 4hat the columns 
which contain the facts and theories relative to the sun 
and planets, after exhibiting several stages of induction 
within themselves, are at length suddenly connected with 
a column till then Quite distinct, containing the precession, 
of the equinoxes. In like manndV', in the Table of Optics, 
the columns which contain the facts and tlieories relative 
to double refraction, and those which include polarization 
by crystals, each go separately through several stages of 
induction ; and then these two sets of columns are sud- 
denly connected by Fresnel’s mathematical induction that 
double refraction and polarization arise from the same 
cause : thus exhibiting a remarkable Consilience. 

5. The constant Tendency to Simplicity in the sciences 
of which the progress is thus repi’esented, appears from 
the form of the Table itself; for the single trunk into 
which all the branches converge, contains in itself the 
substance of all the propositions by means of which this 
last generalization was arrived at. It is true, that this 
ultimate result is sometimes not so simple as in the Table 
it appears: for instance, the ultimate generalization of 
the Table exhibiting the progress of Physical Optics,^ 
namely, that Light consists in Undulations, — must bo 
understood as including some other hypotheses ; as, that 
the undulations are transverse, that the ether through 
which they are propagated has its elasticity in crystals 
and other transparent bodies regulated by certain laws j 
and the like. Yet still, oven acknowledging all the com- 
plication thus implied, the Table in question evidences 
clearly enough the constant advance towards unity, con- 
sistency, and simplicity, which have marked the progress 
of this Theory. The same is the case in the Inductive 
Table of Astronomy in a still greater degree. 

6. These Tables naturally ^ord the opportunity of 

R 2 
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aftdigningto each of the distinct steps of which' the pro- 
gi^ss of science flbnsists, the name of the Discoverer to 
whom it is due. Every one of the inductive processes 
which the brackets of our Tables mark, directs our atten- 
tion to some person by whom the induction was first 
distinctly made. These names I have endeavoured to 
put in their due places in the Tables ; and the Inductive 
Tree of our knowledge in each science becomes, in this 
way, an exhibition of the claims of each discoverer to 
distinction, and, as it were, a Genealogical Tree of scien- 
tific nobility. It is by no means pretended that such a 
tree’ includes the names of all the meritorious labourers 
in each department of science. Many persons are most 
usefully employed in collecting and verifying truths, who 
do not advance to any new truths. The labours of a 
number of such are included in each stage of our ascent. 
But such Tables as we have now before us will present 
to us the names of all the most eminent discoverers : for 
the main steps of which the progress of science consists, 
are transitions from more jmrticular to more general 
truths, and must therefore be rightly given by those 
Tables ; and those must be the greatest names in science 
to whom the principal events of its advance are thus due. 

7. The Tables, as we have presented them, exhibit 
the course by which we pass ■ from particular to general 
through various gradations, and so to the most general 
They display the order of discovery. But by reading 
them in an inverted manner, beginning at the single 
comprehensive truths with which the Tables end, and 
tracing these back into the more partial truths, and these 
again into ^ special facts, they answer another purpose 
they exhibit the process of verification of discoveries once 
made. For each of our general propositions is true in 
virtue of the truth of the narrower propositions which it 
involves ; ftnd we cannot satisfy ourselves' of its truth in 
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auy. other; way than by ascertaining that these its consti- 
tuent elements are true. To assure <^urselves that the 
sun attracts the planets with forces varying inversely as 
the square of the distance, we must analyse by geometry 
the motion in an ellipse about the focus, so as to see 
that it does imply such a force. We must also verify 
those calculations by which the observed places of each 
planet are stated to be included in an ellipse. These cal- 
culations involve assumptions respecting the path which 
the earth describes about the sun, which assumptions 
must again be verified by reference to observation. And 
thus, jiroceeding from step to step, we resolve the most 
general truths into their constituent parts; and these 
again into their parts ; and by testing, at each step, both 
the reality of the asserted ingredients and the propriety 
of the conjunction, wc establish the whole system of 
truths, however wide and various it may be. 

8. It is a yory great advantage, in such a mode of 
exhibiting scientific truths, that it resolves the verifica- 
tion of the most complex and comprehensive theories, 
into a number of small steps, of Avhich almost any one 
falls within the reach of common talents and industry. 
That if the particulars of any one step be true, the gene- 
ralization also is true, any person with a mind properly 
disciplined may satisfy himself by a little study. That 
each of these particular propositions is true, may be ascer- 
tained, by the same kind of attention, when this propo- 
sition is resolved into its constituent and more special 
propositions. And thus we may proceed, till the most 
general truth is broken up into small and manageable 
portions. Of (these portions, each may appear by itself 
narrow and easy ; and yet they are so woven together, by 
liypothesis and conjunction, that the truth of the parts 
necessarily assures us of the truth of the whole. The 
Verification is of the same nature as the verification of a 
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large ahd complex statement of great sums received by 
a mercantile office on various accounts from many quarters. 
The statement is separated into certain comprehensive 
heads, and these into others less extensive ; and the.se 
again into smaller collections of separate articles, each of 
■which can be inquired into and reported oil by separate 
persons. And thus at last, the mere addition of numbers 
performed li^y these various persons, and the summation 
of the results which they obtain, executed by other ac- 
countants, is a complete and entire security that there is 
no error in the whole of the process. 

9. This comparison of the process by which we verify 
scientific truth to the process of book-keeping in a largo 
commercial establishment, may ajipear to some persons 
not sufficiently dignified for the subject. But, in fact, 
the possibility of giving this formal and business-like 
aspect to the evidence of science, as involved in the pro- 
cess of successive generalization, is an inestimable ad- 
vantage. For if no one could jironounce concerning 
a wide and profound theory except he who could at once 
embrace in his mind the whole range of inference, ex- 
tending from the special facts up to the most general 
principles, none but the greatest geniuses would be en- 
titled to judge concerning the truth or error of scientific 
discoveries. But, in reality, wo seldom need to verify 
more than one or two steps of such discoveries at one 
time ; and this may commonly be done (when the dis- 
coveries have been fully established and developed,) by 
any one who brings to the task clear conceptions and 
steady attention. The iwogress of science is gradual: 
the disco^fies which are successively made, are also 
verified successively. We have never any very large 
collections of them on our hands at once. The doubts 
and uncertainties of any one who has studied science 
with care hnd perseverance are generally confined to a 
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few points. If he can satisfy himself upon these, he has 
no misgivings respecting the rest of the Structure ; which 
has indeed been repeatedly verified by other persons in 
like manner. The fact that science is capable of being 
resolved into separate processes of verification, is that which 
renders it possible to form a great body of scientific truth, 
by adding together a vast number of truths, of which 
many men, at various times and by multiplied efforts, have 
satisfied themselves. The treasury of Science is constantly 
rich and abundant, because it accumulates the u'ealth 
Avhich is thus gathered by so many, and reckoned over by 
so many more : and the dignity of Knowledge is no more 
lowered by the multiplicity of the tasks on which her 
servants arc employed, and the narrow field of labour to 
which some confine themselves, than the rich merchant 
is degraded by the number of offices which it is necessary 
for him to maintain, and the minute articles of which he 
requires an exact statement from his accountants. 

10. The analysis of doctrines inductively obtained, 
into their constituent facts, and the arrangement of them 
in such a form that the conclusiveness of the induction 
may be distinctly seen, may be termed the Logic of In- 
duction. By Logic has generally been meant a system 
which teaches us so to arrange our reasonings that their 
truth or falsehood shall be evident in their form. In 
deductive reasonings, in which the general principles are 
assumed, and the question is concerning their application 
and combination in particular cases, the device which thus 
enables us to judge wliether our reasonings are conclusive, 
is the SyUogism; and this form, along with the rules 
which belong to it, does in fact supply us wiljli a criterion 
of deductive or demonstiative reasoning. The Inductive 
Talk, such as it is presented in the present chapter, in 
like manner supplies the means of ascertaining the truth 
of our inductive inferences, so far as the f&>'m in which 
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our reasoning may be stated can afford such a criterion. 
Of course some^care is requisite in order to reduce a 
train of demonstration into the form of a series of syl- 
logisiy^ ; and certainli ^ ot less thought and attention 
are required for resolving all the main doctrines of any 
great department of science into a graduated table of 
co-ordinate and subordinate inductions. But in eacii 
case, when this task is once executed, the evidence or 
want of evidence of our conclusions appears at once in a 
most luminous manner. In each step of induction, our 
Table enumerates the particular facts, and states the gene- 
ral theoretical truth which includes these and which these 
constitute. The special act of attention by which we satisfy 
ourselves that the facts are so included, — that the general 
truth is so constituted,-^then affords little room for error, 
with moderate attention and clearness of thought. 

11. We may find an example of this act of attention 
thus required, at any one of the steps of induction in our 
Tables ; for instance, at the step in the early progress of 
astronomy at v^ich it was inferred, that the earth is a 
globe, and that the sidiere of the heavens performs a diurnal 
revolution round this globe of the earth. How was this 
established in the belief of the Greeks, and how is it fixeil 
in our conviction? As to the globular form, Ave find that 
as we travel to the north the apparent pole of the heavenly 
motions, and the constellations which are near it, se(>in to 
mount higher, and as we proceed southwards they descend. 
Again, if we proceed from two different points consi- 
derably to the east and west of each other, and travel 
directly northwards from each, as from the south of Si)aiu 
to the north of Scotland, and from Greece to Scandinavia, 
these tAVo north and south lines will be much nearer to 
each other in their northern than in their southern parts. 
These and similar facts, as soon a's they are clearly esti- 
.rrsjated and connected in the mind, are seen to. be consts- 
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tent with a convex surface of the earth, and with no 
other: and this notion is further confirthed by observing 
that the boundary of the earth’s shadow upon the tnoon 
is always circular ; it being sry^psed to bo already esta- 
blished that the moon receives her light from the sun, 
and that lunar eclipses are caused by the interposition of 
the earth. As for the assertion of the diurnal revolution 
of the starry sphere, it is merely putting the visible phe- 
nomena in an exact geometrical form : and thus we esta- 
blish and verify the doctrine of the revolution of the 
sphere of the heavens about the globe of the earth, by 
contemplating it so as to see that it does really and 
exactly include the particular facts from which it is 
collected. 

We may, in like manner, illustrate this mode of veri- 
fication by any of the other steps of the same Table. 
Thus if we take the great Induction of Copernicus, the 
heliocentric scheme of the solar system, we find it in the 
Table exhibited as including and explaining, first, the 
diurnal revolution just spoken of ; second, the motions of 
the moon among the fixed stars; thifd, the motions of 
the planets with reference to the fixed stars and the sun ; 
fourth, the motion of the sun in the ecliptic. And the 
scheme being clearly conceived, we see that all the par- 
ticular facts are faithfully lopresented by it; and this 
agreement, along with the simplicity of the scheme, in 
which respect it is so far superior to any other conception 
of the solar system, persuade us that it is really the plan 
of nature. 

In exactly the same Avay, if w'o attend to any of the 
several remarkable discoveries of Newton, which form 
the principal steps in tlie latter part of the Table, as for 
instance, the proposition that the sun attracts all the 
planets with a force which varies inversely as the square , 
of the distance, we find it proved by its iacluding three 
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other propositions previously established that the 

sun’s niean force on different planets follows the specified 
variation (which is proved from Kepler’s third law); 
secondi*thKt the force by which each planet is acted upon 
in different parts of its orbit tends to the sun (which is 
proved by the equable description of areas) ; third, that 
this force in different parts of the same orbit is also 
inversely as the square of the distance (which is proved 
from the elliptical form of the orbit). And the New- 
tonian generalization, when its consequences are mathe- 
matically traced, is seen to agree with each of these par- 
ticular propositions, and thus is fully established. 

12. But when we say that the m'ore general propo- 
sition indudes the several more particular ones, we must 
recollect what has before been said, that these particulars 
form the general truth, not by being merely enumerated 
and added together, but by being seen in a new light. 
No mere verbal recitation of the particulars can decide 
whether the general proposition is true ; a special act of 
thought is requisite in order to determine how truly each 
is included in the supposed induction. In this respect 
the Inductive Table is not like a mere schedule of 
accounts, where the rightness of each part of the reckon- 
ing is tested by mere addition of the particulars. On the 
contrary, the Inductive truth is never the mere sum of 
the facts. It is made into something more by the intro- 
duction of a new mental element ; and the mind, in order 
to be able to supply this element, must have peculiar 
endowments and discipline. Thus looking back at the 
instances noticed in the last article, how are we to see 
that a convex surface of the earth is necessarily implied 
by the convergence of meridians’ towards the north, or by 
the visible descent of the north pole of the heavens as we 
travel south ? Manifestly the student, in order to see this, 
must have dtear conceptions of the relations of space, 
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either naturally inherent in his mind, or established there 
by geometrical cultivation, — by studying the properties of 
circles and spheres. When he is so prepared, he will feel 
the force of the expressions we have used, that the facts 
just mentioned are seen to be consistent with a globular 
form of the earth; but without such* aptitude he will not 
see this consistency : and if this be so, the mere assertion 
of it in words will not avail him in satisfying himself of 
the truth of the proposition. 

In like manner, in order to perceive the force of the 
Copernican induction, the student must have his mind so 
disciplined by geometrical studies, or otherwise, that he 
sees clearly how absolute motion and relative motion 
would alike produce apparent motion. He must have 
learnt to cast away all prejudices arising from the seem- 
ing fixity of the earth ; and then he will see that them 
is nothing which stands in the way of the induction, while 
there is much which is on its side. And in the same 
manner the Newtonian induction of the.law of the sun’s 
force from the elliptical form of the orbit, will be evi- 
dently satisfactory to him only who has such an insight 
into Mechanics as to see that a curvilinear path must 
arise from a constantly deflecting force ; and who is able 
to follow the steps of geometrical reasoning by which, 
from the properties of the ellii)se, Newton proves this 
deflection to be in the proportion in which he asserts the 
force to be. And thus in all cases the inductive truth 
must indeed be verified by com]»aring it with the parti- 
cular facts ; but then this comparison is possible for him 
only whose mind is properly disciplined and prepared in 
the use of those conceptions, which, in addition to the 
facts, the act of induction requires. 

13. In the Tables some indication is given, at several 
of the steps, of the act which the mind must thus per- 
form, besides the mere conjunction of facts, in order to 
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attain to the inductiye truth. Thus in the cases of the 
Newtonian inductions just spoken of, the inferences are 
stated to be made “ By Mechanics;” and in the case of 
the Copernican induction, it is said that, “ By the nature 
of metion, the apparent motion is the same, whether the 
heavens or the eartii have a diurnal motion; and the 
latter is more simple.” But these verbal statements arc 
to be, understood as mere hints*: they cannot supersede 
the necessity of the student’s contemplating for himself 
the mechanical principles and the nature of motion thus 
referred to. 

14. In the Common or Syllogistic Logic, a certain 
Fm'mula oi language is used in stating the reasoning, and 

«r 

is useful in enabling us more readily to apply the Cri- 
terion of Form to alleged demonstrations. This formula 
is the usual Syllogism ; Mith its members, Major Premiss, 
Minor Premiss, and Conclusion. It may naturally be 
asked whether in Inductive Logic there is any such For- 
mula ? Whether there is any standard form of words in 
which we may most pro})erly ex})ress the inference of a 
general truth from particular facts ? 

At first it might he supposed that the formula of 
Inductive Logic need only he of this kind : “ These ])ar- 
ticulars, and all known particulars of the same kind, arc 
exactly included in the following general proposition.” 
But a moment’s reflection on what has just been said will 
show us that this is not sufficient : for the p.articular8 are 
not merely included in the general proposition. It is not 
enough that they appertain to it by enumeration. It is, 
for instance, no adequate example of Induction to say, 
“Mercury describes an elliptical path, so does Venus, so 
do the Earth, Mars, Jupiter, Saturn, Uranus; therefore 
all the Planets describe elliptical paths.” This is, as we 
have seen, the mode of stating the evidence when the 

* In the Iftdnctive Tables they are marked by an'aeterisk. 
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proposition is once suggested; but the Inductive step 
consists in the suggestion of a conception not before 
apparent. When Kepler, after trying to connect the 
observed places of the planet Mars in many other ways, 
found at last that the conception of an ellipse would 
include them all, he obtained a truth by induction : for 
this conclusion was not obviously included in the pheno- 
mena, and had not been applied to these facts previously. 
Thus in our Formula, besides stating that the particulars 
are included in the general proposition, we must also 
imply that the generality is constituted by a new Concep- 
tion, — new at least in its application. 

Hence our Inductive Formula might be something 
like the following ; “ These particulai-s, and all known 
particulars of the same kind, are exactly expressed by 
adopting the Conceptions and Statement of the following 
Proposition.” It is of course requisite that the Concep- 
tions should be perfectly clear, and should precisely 
embrace the facts, according to the explanation we have 
already given of those conditions. 

15. It may happen, as we have already stated, that 
the Explication of a Conception, by which it acquires its 
due distinctness, leads to a Definition, Avhich Definition 
may be taken as the summary and total result of the 
intellectual efforts to which this distinctness is due. In 
such cases, the Formula of Induction may be modified 
according to this condition ; and wo may state the infer- 
ence by saying, after an enumeration and analysis of the 
appropriate facts, “ These facts are completely and dis- 
tinctly expressed by adopting the following Definition 
and Proposition.” 

This Formula has been adopted in stating the Induc- 
tive Propositions which constitute the basis of the science 
of Mechanics, in a work intitled The Mechonical Euclid. 
The fundamental truths of the subject ar^expre^ised in 
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Inductive Pairs of Assertions, consisting each of a Dehni- 
tion and a Proposition, such as the following : 

Def. — A Uniform Force is that which acting in the 
direction of the body’s motion, adds or subtracts equal 
■velocities in equal times. 

Prop. — Gravity is a Uniform Force. 

Again, 

Def. — Two Motions are compounded when each pro- 
duces its separate effect in a direction parallel to itself. 

Prop. — When any Force acts upon a body in motion, 
the motion which the Force would produce in the body 
at rest is compounded with the previous motion of the 
body. 

And in like manner in other cases. 

In these cases the proposition is, of course, established, 
and the definition realized, by an enumeration of the 
facts. And in the case of inferences made in such a form, 
the Definition of the Conception and the Assertion of 
the Truth are both requisite and are correlative to one 
another. Each of the two steps contains the verification 
and justification of the other. The Proposition derives its 
meaning from the Definition ; the Definition derives its 
reality from the Proposition. If they are separated, the 
Definition is arbitrary or empty, the Proposition vague or 
ambiguous. 

16 . But it must be observed that neither of the pre- 
ceding Formulaj expresses the full cogency of the induc- 
tive proof. They declare only that the results can be 
clearly explained and rigorously deduced by the employ- 
ment of a certain Definition and a certain Proposition. 
But in order to make the conclusion demonstrative, which 
in perfect examples of Induction it is, we ought to be 
able to declare that the results can be clearly explained 
and rigorously declared only by the Definition and Pro- 
position whidx we adopt. And in reality, the conviction 
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of the sound inductive reasoner does reach to this point. 
The Mathematician asserts the Laws of Motion, seeing 
clearly that they (or laws equivalent to them) afford the 
only means of clearly expressing-and deducing the actual 
facts. But this conviction, that the inductive inference 
is not oijjy consistent with the facts, but necessary, finds 
its place in the mind gradually, as the contemplation of 
the consequences of the proposition, and the various rela- 
tions of the facts, becomes steady and familiar. It is 
scarcely possible for the student at^once to satisfy himself 
that the inference is thus inevitable. And when he 
arrives at this conviction, he sees also, in many cases at 
least, that there may be other ways of expressing the 
substance of the truth established, besides that special 
Proposition which he has under his notice. 

We may, therefore, without impropriety, renounce the 
undertaking of conveying in our formula this final con- 
viction of the necessary truth of our inference. We 
may leave it to be thought, without insisting upon saying 
it, that in such cases what can be true, is true. But 
if we wish to express the ultimate significance of the 
Inductive Act of thought, we may take as our Formula 
for the Colligation of Facts by Induction, this : — “ The 
several Facts are exactly expressed as one Fact if, and 
mly if, we adopt the Conception and the Assertion ” of 
the inductive inference. 

17. I have said that the mind must be properly dis- 
ciplined in order that it may see the necessary connexion 
between the facts and the general proposition in which 
they are included. And the perception of this connexion, 
though treated as me step in our inductive inference, 
may imply many steps of demonstrative proof. The con- 
nexion is this, that the particular case is included in the 
general one, that is, may be deduced from it: but this 
deduction may often require many links of reasoning. 
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Thus in the case of the inference of the law of the force 
from the elliptical form of the orbit by Newton, the proof 
that in ‘the ellipse the deflection from the tangent is 
inversely as the square of the distance from the focus of 
the ellipse, is a ratiocination consisting of several steps, 
and involving several properties of Conic Sections; these 
properties being supposed to be previously established by 
a geometrical system of demonstration on the special 
subject of the Conic Sections. In this and similar cases 
the Induction involves many steps of Deduction. And 
in such cases, although the Inductive step, the Invention 
of the Conception, is really the most important, yet since, 
when once made, it occupies a familiar place in men’s 
minds ; and since the Deductive Demonstratioil is of con- 
siderable length and requires intellectual effort to follow 
it at every step ; men often admire the deductive part of 
the proposition, the geometrical or algebraical demonstra- 
tion, far more than that part in which the philosophical 
merit really resides. 

18. Deductive reasoning is virtually a collection of 
syllogisms, as has already been stated ; and in such rea- 
soning, the general princi])les, the Definitions and Axioms, 
necessarily standi’ at the beginning of the demonstration. 
In an inductive inference, the Definitions and Principles 
are the final result of the reasoning, the ultimate effect of 
the proof. Hence when an Inductive Proposition is to 
be established by a proof involving several steps of 
demonstrative reasoning, the enunciation of the Proposi- 
tion will contain, explicitly or implicitly, principles which 
the demonstration proceeds upon as axioms, but which 
are really inductive inferences. Thus in order to prove 
that the force which retains a planet in an ellipse varies 
inversely as the square of the distance, it is taken for 
granted that the Laws of Motion are true, and that 
they apply to the planets. Yet th& doctrine that this 
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is so, as well as the law of the force, were established - 
only by this and the like demonstrations. The doctrine 
which is the hypothesis of the deductive reasoning-, 
is the inference of the inductive process. The special 
facts which are the basis of the inductive inference, are 
the conclusion of the train of deduction. And in this 
manner the deduction establishes ' the induction. The 
principle which w-e gather from the facts is true, because 
the facts can be derived from it by rigorous demonstra- 
tion. Induction moves upwards and deduction dovvn-^,, 
wards on the same stair. 

But still there is a great difference in the character 
of their movements. Deduction descends steadily and 
methodically, step by step : Induction mounts by a leap 
which is out of the reach of method. She bounds to the 
top of the stair at once ; and then it is the business of 
Deduction, by trying each step in order, to establish the 
solidity of her companion’s footing. Yet these must be 
processes of the same mind. The Inductive Intellect 
makes an assertion which is subsequently justified by 
demonstration; and it shows its sagacity, its peculiar 
character, by enunciating the proposition when as yet the 
demonstration does not exist : but then it shows that it is 
sagacity, by also producing the demonstration. 

It has been said that inductive and deductive reason- 
ing are contrary in their scheme ; that in Deduction we 
infer particular from general truths; while in Induction 
we infer general from particular: that Deduction consists 
nf many steps, in each of which we apply kAown general 
propositions in particular cases; while in Induction wo have 
a single step, in which we pass from many particular truths 
to one general proposition. And this is truly said ; but 
though contrary in their motions, the two are the operation 

the same miud travelling over the same ground. De- 
•laction is a necessary part of Induction. Deduction 

VOL. II. s 
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justifies by calculation what Induction had happily guessed. 
Induction recognizes the ore of truth by its weight; 
Deduction confirms the recognition by chemical analysis. 
Every step of Induction must be confirmed by rigorous 
deductive reasoning, followed into such detail as the nature 
and complexity of the relations (whether of quantity or 
any other) render requisite. If not so justified by the 
supposed discoverer, it is not Induction. 

19. Such Tabular arrangements of propositions as we 
,have constructed may be considered as the Criterion of 
Truth for the doctrines which they include. They are 
the Criterion of Inductive Truth, in the same sense in 
which Syllogistic Demonstration is the Criterion of 
Necessary Truth, — of the certainty of conclusions, de- 
pending upon evident First Principles. And that such 
Tables are really a Criterion of the truth of the proposi- 
tions which they contain, will be plain by examining 
their structure. For if the connexion which the induc- 
tive process assumes be a.scertained to be in each case 
real and true, the assertion of the general proposition 
merely collects together ascertained truths; and in like 
manner each of those more particular propositions is true, 
because it merely expresses collectively more special 
facts : so that the most general theory is only the asser- 
tion of a great body of facts, duly classified and subordi- 
nated. When we assert the truth of the Copernican 
theory of the motions of the solar system, or of the New- 
tonian theory of the forces by which they are caused, we 
merely assert the groups of propositions which, in the 
Table of Astronomical Induction, are included in these 
doctrines ; and ultimately, we may consider ourselves as 
merely asserting at once so many Facts, and therefore, of 
course, expressing an indisputable truth. 

20. At any one of these steps of Induction in the 
Table, the inductive proposition is a T4e<>»3/ with regard 
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to the Facts which it includes, while it is to be looked 
upon as a Fact with respect to the higher generalizations 
in which it is included. In any other sense, as was 
formerly shown, the opposition of Fact and Theory is 
untenable, and leads to endless perjdexity and debate. 
Is it a Fact or a Theory that the planet Mars revolves in 
an Ellipse about the Sun? To Kepler, employed in 
endeavouring to combine the separate observations by the 
conception of an Ellipse, it is a Theory; to Newton, 
engaged in inferring the law of force from a knowledge 
of the elliptical motion, it is a Fact. There are, as we 
have already seen, no special attributes of Theory and 
Fact which distinguish them from one another. Facts 
are phenomena apprehended by the aid of conceptions 
and mental acts, as Theories also are. We commonly 
call our observations Facts^ when wo apply, without effort 
or consciousness, conceptions perfectly familiar to us: 
while we speak of Theories, when we have previously 
contemplated the Facts and the connecting Conception 
separately, and have made the connexion by a conscious 
mental act. The real difference is a difference of relation; 
as the same proposition in a demonstration is t\\Q jri'emiss 
of one syllogism and the conclusion in Another; — as the 
same person is a father and a son. Propositions are Facts 
and Theories, according as they stand above or below the 
Inductive Brackets of our Tables. 

21. To obviate mistakes I may remark that the terms 
higher and lower, when used of generalizations, are un- 
avoidably represented by their opposites in our Inductive 
Tables. The highest generalization is that which includes 
all others ; and this stands the lowest on our page, becausd, 
reading downwards, that is the place which we last reach. 

There is a distinction of the knowledge acquired by 
Scientific Induction into two kinds, which is so important 
that We shall eohsider it in the succeeding chapter. 
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Chapter VII. 

OF LAWS OF PHENOMENA AND OF CAUSES. 

1. In the first attempts at acquiring an exact and 
connected knowledge of the appearances and operations 
which nature presents, men went no further than to learn 
what takes place, not why it occurs. They discovered an 
Order which the phenomena follow, Buies wdiich they 
obey; but they did not come in sight of the Powers by 
which these rules are determined, the Causes of which 
this order is the effect. Thus, for example, they found 
that many of the celestial motions took place as if the 
sun and stars were carried round by the revolutions of 
certain celesTial spheres ; but what causes kept these 
spheres in constant motion, they were never able to 
explain. In like manner in modern times, Kepler dis- 
covered that the planets describe ellipses, before New- 
ton explained wliy they select tins particular curve, and 
describe it in a particular manner. The laws of reflection, 
refraction, dispersion, and other properties of light have 
long been known ; the causes of these laws are at present 
under discussion. And the same might be said of many 
other sciences. The discovery of the Laws of Phenomena 
is, in all cases, the first step in exact knowledge; these 
Laws may often for a long period constitute the whole of 
our science; and it is always a matter requiring great 
talents and great efforts, to advance to a knowledge of 
the Comes of the phenomena. 

. Hence the larger part of our knowledge of nature, at 
least of the certain portion of it, consists of the know- 
ledge of the Laws of Phenomena. In Astronomy indeed, 
besides knowing the rules which guide the appearances, 
and resolving them into the real, motions from which, they 
arise, we can refer these motions to the forces which pr®* 
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duce them. In Optics, we have become acquainted with 
a vast number of laws by whiclr varied and beautiful 
phenomena are governed ; and perhaps we may assume, 
since the evidence of the undulatory, theory has been so 
fully developed, that we know also the Causes of the 
Phenomena. But in a large class of sciences, while we 
have learnt many Laws of Phenomena, the causes by 
which these are produced are still unknown or disputed. 
Are we to ascribe to the operation of a fluid or fluids, 
and if so, in what manner, the facts of heat, magnetism, 
electricity, galvanism ? What are the forces by which 
the elements of chemical compounds are held together? 
What are the forces, of a higher order, as we cannot help 
believing, by which the course of vital action in organized 
bodies is kept up ? In these and other cases, we have 
extensive departments of science; but we are as yet 
unable to trace the effects to their causes; and our 
science, so far as it is positive and certain, consists 
entirely of the laws of phenomena. 

2. In those cases in which we have a division of the 
science which teaches us the doctrine of the causes, as 
well as one which states the rules which the effects fol- 
low, I have distinguished the two portions of the science 
by certain terms. I have thus spoken of Formal Asti’o- 
nomy and Physical Astronomy. The latter phrase has long 
been commonly employed to describe that department 
of Astronomy which deals with those forces by which the 
heavenly bodies are guided in their motions ; the former 
adjective appears well suited to describe a collection of 
rules depending on those ideas of space, time, position, 
number, which are, as wc have already said, the Jin'tns of 
our apprehension of phenomena. The laws of phenomena 
• Way be considered as formula, expressing results in 
tenna of those ideas. Ttt like manner, I have spoken of 
Fermal Optics and* Physical Optics ; the latter ‘ division 
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including all speculations concerning the machinery by 
which the effects are produced. Formal Acoustics and 
' Physical Acoustics may be distinguished in like manner, 
although these two^ortions of science have been a good 
deal mixed together by most of those who have treated 
of them. Fonnal Thermotics, the knowledge of the laws 
of the phenomena of heat, ought in like manner to lead 
to Physical Thermotics, or the Theory of Heat with 
reference to the mode in which its effects are produced ; 
■^a branch of science which as yet can hardly be said to 
exist. 

3. What kinds of cause are we to admit in science ? 
ThU is an important, and by no means an easy question. 
In order to answer it, we must consider in what manner 
our progress in the knowledge of causes has hitherto been 
made. By far the most conspicuous instance of success 
in such researches, is the discovery of the causes of the 
motions of the heavenly bodies. In this case, after the 
formal laws of the motions, — their conditions as to space 
and time, — had become known, men were enabled to go 
a step further ; to reduce them to the familiar and general 
cause of motion — mechanical force; and to determine 
the laws which this force follows. That this was a step 
jn addition to the knowledge previously possessed, and 
that it was a real and peculiar truth, will not be contested. 
And a step in any other subject which should be analo- 
gous to this in astronomy;— a discovery of causes and 
forces as certain and clear as the discovery of universal 
gravitation; — would undoubtedly be a vast advance 
upon a body of science consisting only of the laws of 
phenomena. 

4. But although physical astronomy may well be 
taken as a standard in estimating the value and magni- 
tude of the advance from the knowledge of phenomena 
to the knowledge of causes ; the peculiar features of the 
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transition from formal to physical science in that subject 
must not be allowed to limit too narrowly our views of 
the nature of this transition in other cases. We are not, 
for example, to consider that the step which leads us to 
the knowledge of causes in any province of nature must 
necessarily consist in the discovery of centres of forces, 
and collections of such centres, by which the effects are 
produced. The discovery of the causes of phenomena 
may imply the detection of a fluid by whose undulations, 
or other operations, the results are occasioned. The phe- 
nomena of acoustics are, we know, produced in this 
manner by the air ; and in the cases of light, heat, mag- 
netism, and others, even if we reject all the theories of 
such fluids which have hitherto been proposed, we still 
cannot deny that such theories are intelligible and pos- 
sible, as the discussions concerning them have shown. 
Nor can it be doubted that if the assumption of such 
a fluid, in any case, were as well evidenced as the doctrine 
of universal gravitation is, it must be considered as a 
highly valuable theory. 

5. But again ; not only must we, in aiming at the 
formation of a Causal Section in each Science of Pheno- 
mena, consider fluids and their various modes of operation 
admissible, as well as centres of mechanical force ; but 
we must be prepared, if it be necessary, to consider the 
forces, or powers to which we refer the phenomena, under 
still more general aspects, and invested with characters 
different from mere mechanical force. For example ; the 
forces by which the chemical elements of bodies are 
bound together, and from which arise, both their sensible 
texture, their crystalline form, and their chemical com po- 
stlion, are certainly forces of a very different nature from 
the mere attraction of matter according to its mass. The 
powers of assimilation and reproduction in plants and 
animals fwfe obviously still more removed from mere 
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mechanism ; yet these powers are not on that account 
less real, nor a less fit and worthy subject of scientific 
inquiry. 

6. In fact, these forces — ^mechanical, chemical and 
vital, — as we advance from one to the other, each bring 
into our consideration new characters; and what these 
characters are, has appeared in the survey which we have 
made of the Fundamental Ideas of the various sciences. 
It was then shown that the forces by which chemical 
effects are produced necessarily involve the Idea of 
Polarity, — they are polar forces; the particles tend 
together in virtue of opposite properties which in the 
coMd)ination neutralize each other. Hence, in attemping 
to advance to a theory of Causes in chemistry, our task is 
by no means to invent laws of mechanical force, and col- 
lections of forces, by which the effects may be produced. 
We know beforehand that no such attempt can succeed. 
Our aim must be to conceive such new kinds of force, 
including polarity among their characters, as may best 
render the results intelligible. 

7. Thus in advancing to a Science of Cause in 
any subject, the labour and the struggle is, not to ana- 
lyse the phenomena according to any preconceived and 
already familiar ideas, but to form distinctly new concep- 
tions, such as do really carry us to a more intimate view 
of the processes of .nature. Thus in the case of astro- 
nomy, the obstacle which deferred the discovery of the 
true causes from the time of Kepler to that of Newton, 
was the difficulty of taking hold of mechanical concep- 
tions and axioms with sufi9cient clearness and steadiness 5 
which, during the w'hole of that interval, mathematicians 
were learning to do. In the question of causation whidh 
now lies most immediately in the path of science, that of 
the causes of electrical and chemical phenomena, the 
business of rightly fixing and limiting the conception of 



LAWS OF PHENOMENA AND OF CAUSES. 


265 


polarity, is the proper object of the efforts of discoverers. 
Accordingly a large portion of Mr. Faraday’s recent 
labours* is directed, not to the attempt at discovering 
new laws of phenomena, but to the task of throwing light 
upon the conception of polarity, and of showing how it 
must be understood, so that it shall include electrical 
induction and other phenomena, which have commonly 
been asoiibed to forces acting mechanically at a distance. 
He is by no means content, uor would it answer the ends 
of scieiice that he should be, with stating the results of 
his experiments ; he is constantly, in every page, pointing 
out the interpretation of his experiments, and showing 
how the conception of polar forces enters into this ii^er- 
pretation. “I shall,” he saysf, “ use every opportunity 
which presents itself of returning to that strong test of 
truth, experiment ; but,” he adds, “ I shall necessarily 
have occasion to speak theoretically, and even hypothe- 
tically.” His hypothesis that electrical inductive action 
always takes place by means of a continuous line of 
polarized particles, and not by attraction and repulsion 
at a distance, if established, cannot fail to be a great step 
on our way towards a knowledge of causes, as well as 
phenomena, in the subjects under his consideration. 

8. The process of obtaining new conceptions is, to 
most minds, far more unwelcome than any labour in em- 
ploying old ideas. The effort is indeed painful and 
oppressive ; it is feeling in the dark for an object which 
we cannot find. Hence it is not surprising that we 
should far more willingly proceed to seek for new causes 
by ajjplying conceptions borrowed from old ones. Men 
Were familiar with solid frames, and with whirlpools of 
fluid, when they had not learnt to form any clear con- 

* Eleventh, Twelfth, and Thirteenth Series of Researches, Phil. 
Trans., IWj miiL 8. 
tArt.l3ia 
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Qpption of attraction at a distance. Hence they at first 
im^ined the heavenly motions to be caused by crystalline 
ipheres, and vortices. At length they were taught to 
eonceive central forces, and then they reduced the solar 
system to these. But having done this, they fancied that 
all the rest of the machinery of nature must be central 
forces. We find Newton expressing this conviction*, 
and the mathematicians of the last century acted upon it 
very extensively. We may especially remark Laplace’s 
labours in this field. Having exi)lained, by such forces, 
the phenomena of capillary attraction, he attempted to 
apply the same kind of explanation to the reflection, 
refraction, and double refraction of light ; — to the con- 
• stitution of gases -the operation of heat. It was soon 
seen that the explanation of refraction was arbitrary, and 
that of double refraction illusory; while ])olarization 
entirely eluded the grasp of this machinery. Centres of 
force would no longer rejiresent the modes of causation 
which belonged to the phenomena. Polarization required 
some other contrivaflce, such as the undulatory theory 
supplied. No theory of light can bo of any avail in which 
the fundamental idea of polarity is not clearly exhibited. 

9. The sciences of magnetism and electricity have 
given rise to theories in which this relation of polarity is 
exhibited by means of two opposite fluids f; — a positive 
and a negative fluid, or a vitreous and a resinous, for elec- 
tricity, and a boreal and an austral fluid for magnetism. 
The hypothesis of such fluids gives results agreeing in a 
remarkable manner with the facts and their measures, as 
Coulomb and others have shown. It may be asked how 
far we may, in such a case, suppose that we have dis- 
covered the true cause of the phenomena, and whether it 
is sufficiently proved that these fluids really exist. The 

* Malta me movent, &c.. Prof, to tho Principia^ already quoted. ' 

t Hut. Ind, Set,, iii., 23. 
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right answer seems to be, that the hypothesis certainly 
represents the truth so far as regards the polar relation 
of the two energies, and the laws of the attractive and 
repulsive forces of the particles in which these energies 
reside ; but that we are not entitled to assume that the 
vehicles of these energies possess other attributes of ma- 
terial fluids, or that the forces thus ascribed to the parti- 
cles are the primary elementary forces from which the 
action originates. We are the more bound to place this 
cautious limit to our acceptance of the Coulombian theory, 
since in electricity Faraday has in vain endeavoured to 
bring into view one of the polar fluids without the other : 
whereas such a result ought to be possible if there wore 
two separable fluids. The impossibility of this separate 
exhibition of one fluid appears to show that the fluids are 
real only so far as they are polar. And Faraday’s view 
above mentioned, according to which the attractions at a 
distance are resolved into the action of lines of iiolarized 
particles of air, appears still further to show that the con- 
ceptions hitherto entertained of electrical forces, accord- 
ing to the Coulombian theory, do not penetrate to the 
real and intimate nature of the causation belonging to 
this case. 

10. Since it is thus difficult to know when we have 
seized the true cause of the phenomena in any depart- 
ment of science, it may appear to some persons that 
physical inquirers are imprudent and unphilosophical in 
nndertaking this research of causes ; and that it would 
be safer and wiser to confine ourselves to the investigation 
of the laws of phenomena, in which field the knowledge 
which we obtain is definite and certain. Hence there 
have not been wanting those who have laid it down as a 
maxim that “ science must study only the laws of pho- 
iiomena, and never the mode of production*.” But it is 
* Comte, Philoso/ihie positive. 
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easy to see that such a maxim would confiae thd %readtli 
and depth of scientific inquiries to a most scanty and 
miserable limit. Indeed, such a rule would defeat its 
own object ; for the laws of phenomena, in many cases, 
Cannot be even expressed or understood without some 
hypothesis respecting their mode of production. How 
could the phenomena of polarization have been conceived 
or reasoned upon, except by imagining a polar arrange- 
ment of particles, or transverse vibrations, or some equi- 
valent hypothesis ? The doctrines of fits of easy trans- 
mission, the doctrine of moveable polarization, and the like, 
even when erroneous as representing the whole of the 
phenomena, were still useful in combining some of them 
into laws; and without some such hypotheses the facts could 
not have been followed out. The doctrine of a fluid caloric 
may be false ; but without imagining such a fluid, how 
could the movement of heat from one part of a body to 
another be conceived ? It may be replied that Fourier, 
Laplace, Poisson, who have principally cultivated the 
Theory of Heat, haVe not conceived it as a fluid, but 
have referred conduction to the radiation of the mole- 
cules of bodies, which they suppose to be separate points. 
But this molecular constitution of bodies is itself an 
assumption of the mode in which the phenomena are 
produced ; and the radiation of heat suggests inquiries 
concerning a fluid emanation, no less than its conduction 
does. In like manner, the attempts to connect the laws 
of phenomena of heat and of gases,- have led to hypo- 
theses respecting the constitution of gases, and the com- 
bination of their particles with those of caloric, which 
hypotheses may be false, but are probably the best means 
of discovering the truth. 

To debar science from inquiries like these, on the 
ground that it is her business to inquire into facts, and 
not to speculate about causes, is a curiouS 'ekttriiple of 
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that barren caution which hopes for truth without daring 
to venture upon the quest of it. This temper would 
have stopped with Kepler’s discoveries, and would have 
refused to go on with Newton to inquire into the mode 
in which the phenomena are produced. It would have 
stopped with Newton’s optical facts, and would have 
refused to go on with him and his successors to inquire 
into the mode in which these phenomena are produced. 
And, as we have abundantly shown, it would, on that 
very account, liave failed in seeing what the phenomena 
really are. 

In many subjects the attempt to study the laws of 
phenomena, independently of any speculations respecting 
the causes which have produced them, is neither possible 
for human intelligence nor for human temper. Men 
cannot contemplate the phenomena without clothing them 
in terms of some hypothesis, and will not be schooled to 
suppress the questionings which at every moment rise up 
within them concerning the causes of the phenomena. 
Who can attend to the appearances which come under 
the notice of the geologist ; — strata regularly bedded, full 
of the remains of animals such as now live in the depths 
of the ocean, raised to the tops of mountains, broken, 
contorted, mixed with rocks such as still flow from the 
mouths of volcanos ; — ^who can see phenomena like these, 
and imagine that he best promotes the progress of our 
knowledge of the earth’s history, by noting down the 
fiicts, and abstaining from all inquiry whether these are 
really proofs of past states of the earth and of subterraneous 
forces, or merely an accidental imitation of the effects of 
such causes ? In this and similar cases, to proscribe the 
inquiry into causes would be to annihilate the science. 

Finally, this caution does not even gain its own single 
end, the escape from hypotheses. For, as we have said, 
those will not seek for new and appropriate causes 
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of newly-^studied phenomena, are almost Inevitably led 
to ascribe the facts to modifications of causes alfecady 
familiar. They may declare that they will not hear of 
such causes as vital powers, elective affinities, electric, or 
calorific, or luminiferous ethers or fluids ; but they will not 
the less on that account assume hypotheses equally un- 
authorized; for instance — universal mechanical forces; a 
molecular constitution of bodies ; solid, hard, inert mat- 
ter; — and will apply these hypotheses in a manner which is 
arbitrary in itself as well as quite insufficient for its purpose. 

11. It appears, then, to be required, both by the 
analogy of the most successful efforts of science in past 
times and by the irrepi'essible speculative powers of the 
human mind, that wo should attempt to discover both 
the laws of phenomena, and their causes. In every 
department of science, when prosecuted far enough, these 
two great steps of investigation must succeed each other. 
The laws of phenomena must be known before we can 
speculate concerning causes ; the causes must be inquired 
into when the phenomena have been reduced to rule. 
In both these speculations the suppositions and concep- 
tions Avhich occur must be constantly tested by reference 
to observation and experiment. In both we must, as far 
as possible, devise hypotheses which, when we thus test 
them, display those characters of truth of which we have 
already spoken ; — an agreement with facts such as will 
stand the most patient and rigid inquiry ; a provision for 
predicting truly the results of untried cases ; a consilience 
of inductions from various classes of facts ; and a pro- 
gressive tendency of th# scheme to simplicity and unity. 

12. We shall attempt hereafter to give several rules 
of a more precise and detailed kind for the discovery 
of the causes, and still more, of the laws of phe- 
nomena. But it will be useful in the first place to point 
Out the Classification of the Sciences Which results from 
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tho principles already established in this work. And 
for this purpose we must previously decide the question, 
whether the practical Arts, as Medicine and Engineering, 
must be included in our list of Sciences. 


Chapter VIII. 

OF ART AND SCIENCE. 

1. The distinction of Arts and Sciences very mate- 
rially affects all classifications of the departments of Hu- 
man Knowledge. It is often maintained, expressly or 
tacitly, that the Arts are a part of our knowledge, in the 
same sense in which the Sciences are so ; and that Art 
is the application of Science to the purposes of practical 
life. It will be found that these views require some 
correction, when we understand Science in the exact sense 
in which we have throughout endeavoured to contemplate 
it, and in which alone our examination of its nature can 
instruct us in the true foundations of our knowledge. 

When we cast our eyes upon the early stages of the 
histories of nations, we cannot fail to bo struck with the 
consideration, that in many countries the Arts of life 
already appear, at least in some rude fonn or other, 
when, as yet, nothing of science exists. A practical 
knowledge of astronomy such as enables them to reckon 
months and years, is found among all nations except the 
mere savages. A practical knowledge of mechanics must 
have existed in those nations which have left us the 
gigantic monuments of early architecture. The pyramids 
and temples of Egypt and Nubia, the Cyclopean walls 
of Italy and Greece, the temples of Magna Grcecia and 
Sicily, the obeliaks and edifices of India, the cromlechs 
and Druidiqal circles of countries formerly Celtic,— *must 
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j>ower. Ypt those nipdes , of repkoning. time must have 
j^e^pded the rise of speculative astronomy ; these struc- 
tures must have been erected before the theory of me- 
chanics was known. To suppose, as some hare done, 
great body of science, now lost, to have existed in the 
rpmote ages to which these remains belong, is not only 
quite gratuitous and contrary to q|^pnalogy, but is a 
supposition which cannot be extends so far, as to explain 
all Bucb cases. For it is impossible to imagine thatcro^if 
art has been preceded by the science which renders a 
reason for its processes. Certainly men formed wine from 
the grape, before they possessed a science of fermentation ; 
the first instructor of every artificer in brass and iron 
can hardly be supposed to have taught the chemistry of 
metals as a science; the inventor of the square and the 
compasses had probably no more knowledge of demon- 
strated geometry than have the artisans who now use those 
implements; and finally the use of speech, the employment 
of the inflections and combinations of words, must needs 
be assumed as having been prior to any general view of the 
nature and analogy of language. Even at this moment, 
the greater part of the arts which exist in the world are not 
accompanied by the sciences on wbicli they theoretically 
depend. Who shall state to us the general chemical truths 
to which the manufactures of glass, and porcelain, and iron, 
and brass, owe their existence? Do not alnapst all arti- 
sans practise many successful artifices long before science 
.explains the ground of the process ? Do not arts at this 
day exist, in a high state of perfection, in countries in 
which there is no science, as China and India? These 
countries and many others have no theories of mecha- 
nics, qf optics, of chemistry, of physiology ; yet they 
cons, tract and use mechanical and optical instrument^ 
make chemical cQmbinations, take advantage of physio- 
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logical laws. It is too evident to need further illustra- 
tion that’ art may exist without science; — ^that it has 
usually been anterior to it, and even now commonly ad- 
vances independently, leaving science to follow as it can. 

2. We here mean by Science, that exact, general, 
speculative knowledge, of which we have, throughout 
this work, been endeavouring to exhibit the nature and 
rules. Between s^h science and the 'practical Arts of 
life, the points of difference are sufficiently manifest. 
The object of Science is Knowkdge ; the object of Art 
are Works. The latter is satisfied with producing its 
material results ; to the former, the operations of matter, 
whether natural or artificial, are interesting only so far as 
they can be embraced by intelligible principles. The 
end of art is the beginning of science; for when it is 
seen what is done, then comes the question whp it is done. 
Art may have fixed general rules, stated in words ; but 
she has these merely as means to an end : to Science, 
the propositions which she obtains are each, in itself, a 
sufficient end of the effort by which it is acquired. When 
Art has brought forth her product, her task is finished ; 
Science Is constantly led by one step of her path to 
another. Each proposition which she obtains impels her 
to go onwards to other propositions more general, more 
profound, more simple. Art puts elements together, 
without caring to know what they are, or why they 
coalesce. Science analyses the compound, and at every 
such step strives not only to perform, but to understand 
the analysis. Art advances in proportion as she becomes 
able to bring forth products more multiplied, more 
complex, more various ; but Science, straining her eyes to 
penetrate more and more deeply into the nature of things, 
reckons her success in proportion as she sees, in all the 
phenomena, however multiplied, complex, and varied, the 
''csults of one or two simple and general laws. 

VOL. II. 
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3. There are many acts which man, as well as animals, 
performs by the guidance of nature, without seeing or 
seeking the reason why he does so ; as the acts by ‘which 
he balances himself in standing or moving, and those by 
whicjj^ he judges of the form and position of the objects 
around him. These actions have their reason in the 
principles of geometry and mechanics ; but of such rea- 
sons he who thus acts is unaware: he works blindly, 
under the impulse of an unknown principle which we call 
Instinct. When man’s speculative nature seeks and finds 
the reasons why he should act thus or thus; — ^why he 
should stretch out his arm to i)revent his falling, or 
assign a certain position to an object in consequence of 
the angles under which it is seen ; — he may perform the 
same actions as before, but they are then done by the aid 
of a different faculty, which, for the sake of distinction, we 
may call Insight. Instinct is a purely active principle ; it is 
seen in deeds alone; it has no power of looking inwards; 
it .asks no questions; it has no tendency to discover 
reasons or rules ; it is the opposite of Insight. 

4. Art is not identical with Instinct : on the contrary, 
there are broad differences. Instinct is stationary; Art 
is progressive. Instinct is mute ; it acts, but gives no, 
rules for acting : Art can speak ; she can lay down rules. 
But though Art is thus separate from Instinct, she is not ^ 
essentially combined with Insight. She can see what to 
do, but she needs not to see why it is done. She may 
lay dovm rules, but it is not her business to give reasons. 
When man makes that his employment, he enters upon 
the domain of science. Art takes the phenomena and 
laws of nature as she finds them : that they are multiplied, 
complex, capricious, incoherent, disturbs her not. She is 
content that the rules of nature’s operations should he 
perfectly arbitrary and unintelligible, provided they are 
constant, so that she can depend upon their effects. 
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Science is impatient of all appearance of eapride, inoon-’ 
sistency, irregularity, in nature. She will not believe in 
the existence of such characters. She resolves one appa> 
rent anomaly after another; her task is not ended till 
every thing is so plain and simple, that she is tempted to 
believe she sees that it could by no possibility have been 
otherwise than it is. 

5. It may bo said that, after all. Art does really 
involve the knowledge which Science delivers that tho 
artisan who raises large weights, practically knows the 
properties of the mechanical powers ; — that he who 
manufactures chemical compounds is virtually acquainted 
with th& laws of chemical combination. To this we reply, 
that it might on the same grounds be asserted, that he 
Avlio acts upon the principle that two sides of a triangle 
are greater than the third is really acquainted with geo- 
metry; and that he who balances himself on one foot 
knows the properties of the centre of gravity. But this 
is an acquaintance with geometry and mechanics which 
even brute animals possess. It is evident that it is not 
of such knowledge as this that we have here to treat. 
It is plain that this mode of possessing principles is alto- 
gether different from that contemplation of them on which 
science is founded. We neglect the most essential and 
manifest differences, if we confound our unconscious 
assumptions with our demonstrative reasonings. 

6. The real state of the case is, that the principles 
viiich Art involves. Science alone evolves. The truths on 
which the success of Art depends, lurk in the artist’s ■ 
mind in an undeveloped state; guiding his hand, stimuoi 
lating his invention, balancing his judgment, but not 
appearing in the form of enunciated propositions. Prin- 
ciples are not to him direct objects of meditation ; th^y 
are secret Powers of Nature, to which Uie forms wliieh 
tenant the world owe their constancy, their movements, 

T 2 
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varied gn'‘owth, buiivhieh 
lift oaa noV^ore ^ireotlf. ccmtem That the creative 
dmi directive ^rihciplea whi<di have thei r lodgment in the 
artist’s mind, when uAjoided by our speculative powers 
itttd systematic shape, become science, is true ; but it is 
preoiSely’ this process of development which gives to 
tiiem their character of science. In practical Art, prin- 
dples are unseen guides, leading us by invisible strings 
through paths where the- end alone is looked at: it 
is for Science to direct and purge our vision so that 
these ties, these principles and laws, generalizations 
and theoldes, become distinct objects of vision. Many 
may feel the intellectual monitor, but it is only to her 
flVoutite heroes that the Goddess of Wisdom visibly 
reveals* heitelf. 

7> Thus Art, in its earlier stages at least, is widely 
different from Science, independent of it, and anterior to 
it. AS> a later period, no doubt. Art may borrow aid 
from Science; and the discoveries of the* philosopher 
may be of great value to the manufacturer and the artist. 
But even then, this application forms no essential part of 
•the science: the interest which belongs to it is not an 
intellectual interest. The augmentation of human 
power and convenience may impel or reward the physical 
philosopher; but the processes by which man’s repasts 
are rendm^ed more delicious, his journeys more rapid, his 
weapons^more terrible, are not, therefore, Science. They 
may involve principles which are of the highest interest 
to science ; but as the advantage is not practically more 
poeiom because it results from a beautiful theory, so the 
tiMoretiCal principle has no* more conspicuous ) place in 
srtdnce because it leads to convenient {nactn^l conse- 
i^uencesi The nature i of science is purely intellectual ; 


hnkovdodgo aki]ie,-^xact general truth,-*»is her object ; 
we eannot mix with suob Matenals, ad fmatters of the 



same kind, the mei^lf-eihpiriefd maxiiiia.of ait, 'wUhOut^ 
intarodnciBg endless confusion 4ato the sulsgeot, and 
making it inlipossible to attain any^ solid footing in our 


8. I shall therefore not place, in our Classification of 
the Sciences, the Arts, as has generally been done; nor 
. shall I notice the applications of sciences to art, as 
forming any separate portion of each science. The 
sciences, considered as bodies of general speculative 
truths, are what we are here concerned with ; and appli- 
cations of such truths, whether useful or useless,- are 
important to us only as illustrations and examplos^ 
Whatever place in human knowledge the Priusticid 
may hold, they are not Sciences. And it is only by tbjig 
rigorous separation of the Practical from the TbeOrCticdl, 
Jbat we can arrive at any solid conclusions respecting the 
mature of truth, and the mod^of arriving at it, such as it 
is our object to attain. 


Chapter IX. 

OF THE CLASSIFICATION OF SCIENCES. 

1. The Classification of Sciences has its chief use in 
pointing out to us the extent of our powers of arriving at 
truth, and the analogies which may obtain betw#in those 
certain and lucid portions of knowledge with which we 
are here concerned, and those other portions, of a vmy 
different interest and evidence, which we here purposdj 
abstain to touch upon. The classification of humaii 
knowledge will, therefore, have a more peculiar impoftfe 
ance when we can include in it the moral, political,' tmd 
Metaphysical, as well Jus the physical portions of 
kuowledgei But such % wicrey dhes not belong to Pur 
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present uadertaking : and a general view of tke con- 
aexion aad -order of the branches of sciences which our 
i'eview has hitherto included, will even now possess some 
Interest ; and may serve hereafter as an introduction to a 
more complete scheme of the general body of human 
knowledge. 

2. In this, as in any other case, a sound classification 
must be the result, not of any assumed principles impe- 
ratively applied to the subject, but of an examination of 
the objects to be classified ; — of an analysis of them 
into the principles in which they agree and differ. Tlie 
Classification of Sciences must result from the considera- 
tion of their nature and contents. Accordingly, that 
review of the sciences in which the History of them 
engaged us, led to a Classification, of which the main 
features are indicated in that work. The Classification 
thus obtained, depends neither upon the faculties of the 
mind to which the separate parts of our knowledge owe 
their origin, nor upon the objects which each science 
contemplates ; but upon a more natural and fundamental 
element ; — namely, the Ideas which each science involves. 
The Ideas regulate and connect the facts, and are the 
foundations of the reasoning, in each science : and having 
in the present work more fully examined these Ideas, we 
are now prepared to state hero the classification to whiclj 
they lead. If we have rightly traced each science to the 
Conce^^ons which are really fundamental with regard lo 
it, and which give rise to the first principles on which it 
depends, it is not necessary for our purpose that we 
should decide whether these Conceptions are absolutely 
ultimate principles of thought, or whether, on the con- 
trary, they can be further resolved into other Funda- 
mental Ideas. We need not now suppose it determined 
whetheV or not NumJ^r is a mere modification of the 
Idea of Time, and Force a meilh modification of the Idea 
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of Cause : for however this may be, our Conception of 
Number is the foundation of Arithmetic, and our Concep- 
tion of Force is the foundation of Mechanics. It is to 
be observed also that in our .classification, each Science 
may involve, not only the Ideas or. Conceptions which are 
placed opposite to it in the list, but also all which precede 
it. Thus Formal Astronomy involvc»<fflot only the Con- 
ception of ^Motion, but also tho^ ’Irhich are the founda- 
tion of Arithmetic and Geomery. In like manner. 
Physical Astronomy employs th/ Sciences of Statics and 
Dynamics,, and thus rests on th^ r foundations ; and they, 
in turn, depend upon the Ideas of Space and of Time as 
well as of Cause. 

3. We may further observe, that this arrangement of 
Sciences according to the Fundamental Ideas which they 
involve, points out the transition from those parts of 
human knowledge which have been included in our 
History and Philosophy, to other regions of speculation 
into which we have not entered. We have repeatedly 
found ourselves upon the borders of inquiries of a ])sycho- 
logical, or moral, or theological nature. Thus the History 
of Physiology* led us to the consideration of Life, Sen- 
sation, and Volition; and at these Ideas wo stopped, that 
we might not transgress the boundaries of our subject as 
then predetermined. It is plain that the pursuit of 
such conceptions and their consequences, would lead us 
to the sciences (if we are allowed to call them^ciences) 
which contemplate not only animal, but human princi- 
ples of action, to Anthropology and Psychology. In 
other ways, too, the Ideas which we have examined, 
although manifestly the foundations of sciences such as 
We have here tredted of, also ])lainly pointed to specula- 
tions of a different order; thus the Idea of a Final Cause 
IS an indispensable guide in Biology, as we Jiafve seen ; 

♦ HisLjnd. iii.‘431. 
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but the conception of Design as directing the order of 
nature, once admitted, soon carides us to bi^er contem- 
plations. Again, the Class of Palsetiological Sciences 
u^h^ch we , .were in the Hii^ory led to construct, although 
wfe there admitted only one exa^ople of the Class, namely 
Geology, does in reality include many vast lines of 
research; as th^l^tory and causes of tjie diffusion of 
plants and animdl^^ie history of lan^t^ge^ arts, and 
consequently of civilization^ Along with these researches, 
comes the <pj|stion how far these histories point back- 
wards to a natural qr a supernatural origin ; a:q^ the Idea 
of a First Cause is thus brought under our eqn^ifjS’atioii. 
Finally, it is not difficult to see that asithfi Physical 
Sciences have their peculiar governing Ideas, which sup- 
port and shape them, so the Moral and Political Sciences 
"^also must similarly have their fundamental and formative 
Ideas, the source of universal and oertam truths, each of 
their proper kind. But to follow Out the traces of this * 
analogy^ and to verify the existence of those Fundamental 
Ideas in Morals and Politics, is a fask quite out of the 
sphere of the work-in which w^ are here engaged. 

4. We may now jdace before the reader our Classifica- 
tion of tfie Sciences, adding in the list> few not belong- 
ing to .our present subject, that the nature of the transi- 
tion by whioh we are to extend our jdiilosophy into 
a wider and higher region may be in some measure 
perceive^. 

We may observe that the Xfi^ Rbysics, when confiifed 
to 0 },. peculiar class of Sciences, is^tisualli' understood to 
exclude the Mechanical Sciences on the one side, and 
Chemistry on the other ; and tlms embraces the Secondary 
Mechanical and Analytico-JiFeqJianical Sciences, But 
the adjective applied t6 any science and opposed 

to Formal, as in Astronomy and Optics, implies those 
speculations in M'hich we consMer not only the Laws of 
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Phenomena, but theat* Causes; and generally#- as in those 
cases, tlieiftMechanici^ Causes. 
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SB2 CONSTRUdmN 0? sci^fe. 

.*In the^ext Book, .w6 shall ‘jfie^ihe* opinions 
of tlie most eminent writers, , 4|i#' soitwips of 

our Jdipwledge of naiuro aad tnf'^-^J^ VhiclLiilHF^ld as 
in seekjng«it. For' the .^nowleJdg^^ a,'* t^e ^ifejikjfic 
MIthpd js a science rescmbling^th^ scfences.;:i|8i^ the 
ideas and view's ■which it involves liaftt^lseefF 
sure gradually developed iiito clearifei^ f n<L''%ef^toty by 
sncceasive attempts. Wo may, 

feojifide”ij|; persuasion of the fight direCtiop of dlir^pth, by 
.ffheing liow far it coincides with tlfit which been 
'^biiited out, with more or less distinctn^s, bj^ijRiy of 
.tfe jnost sa^cious and* vigorous intellects, have 

bestowed their attention upon this ir^uiry. 
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BOOK Xll. 


REVIEW OF'bPINIONS ON THE NATURE OF 
KNOWLEDGE AND THE METHODS 
OF PEKING IT, 


UHAPTER I. 

INTRODUCTION. 

By the examination of the elements of Rumdu thought 
in which we have been engaged, and by a considepation 
of the history of the most clear and certain parts of our 
knowledge, we have been led to certain doctrines respect- 
ing the progress of that exact and systematic knowledge 
which we call Science ; and these doctrines we have 
endeavoured to lay before the r^d^fr in the preceding 
Book. The questions on which we have thus ventured 
to i)ronounce have had a strong interest for hiaih;fr«m 
the earliest period of his intellectual progress, and-fiaivtf: 
been the subject;^ of lively discussion and bold speculatioit^ 
in every, age. We conceive that in fliQ. doctrines to 
which our researches have conducted us, we have a far 
better hope that we possess a body of permanent truths,, 
than the earlier essays on the same subjects could furnisji. . 
For we have not taken our examples .of knowledge Jat,; 
hazard, as earlier speculators did, aild were almost com- 
t polled to do; but fiave drawft oijtr nmJ(g|iaJ»iirom*<thjft,»asJ: 
■torOiof unquestioned truths which models science o&rs 
p us : and wo htmge formdd our judgment concer^g the 
Ipature and ptogieess of Imowledge by conaideiing what* 
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such science- is, and hew it has reached its present condi- 
tion. But though we ha^e thus pursued our speculations 
concerning knowledge with advantages which earlier 
writers did not pcisess, it 48 still both interesting and 
instructive for us to regard the. opinions upon this subject 
which have been delivered by the phitosophers of past 
times. * It is especially interesting to see some of the 
truths which we have endeavoured to» expound, gradually 
dawning in men’s minds, and dfeuming the clear and 
permanent form ih^ which we can now contemplate them. 
1 shall therefore, in this Bbok, pass in review many of the 
opinions of the writers of various ages concerning the 
lllode by which man best acquires the truest knowledge ; 
and I shadl endeavour, as we proceed, tlf appreciate the 
teal value* of luch Judgments, and their ^lace in the pro- 
gres&*of sound philosophy. 

-- In' this estimate of the opinions of others, I shall 
l^jrgukled'by those general doctrines which I have, as I 
trust,; establfihed in the preceding part of this work, 
^pd without attempting here to give any summary of 
these doctrines, I ihay^ remark that there are two main 
principles by which speculations on such subjects in all 
1a||es"iU'e connected and related to each other; namely, 
l^!i 5 pk>pposltion of Ideas Semaiims, and the distinction 
of practical and speculative knowledge. The opposition 
of Ideas and Sens^ations is exhibited to us in the antithe- 
sis of Theory and Fact, which are necessarily considered 
as distinct and*of opposite natures, and yet necessarily 
idbnticak and constituting Science by their identity. In 
like-mai^er, although practical knowledge is in substance 
identica^^ith speculative, (for all knowledge is specula- 
tion,) -there^js* 9 . 4 listinctioh b^t>jeen the two in their 
historyj-end in Uie subjects by which they are exemplified, 
which, distinction is- quite essential in jjadging.of the phi- 
losophical views of the ancients. The* alternatives of 
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identity and diversity, in these liwo antitheses, the success 
sive separation, opposition, and reunion of principles which 
thus arise, have produced, (as they may easily be ima^ned 
capable of doing,) a long and varied series of systems 
concerning the nature of knowledge ; among which we 
shall have to guide our course by the aid of the views 
already presented. 

I am far from undertaking, or wishing, to review the 
whole series of opinioBs which thus comes under our 
view; and I do not even attemptf to examine all the 
principal authors who have written on such subjects. I 
merely wish to select’ some of the most considerable 
forms which such opinions have assumed, and to point 
out in some measure the progress of truth from age to 
age. In doing this, I can only endeavour to seize some 
of the most prominent features of each time and of each 
step ; and I must pass rapidly from classical antiquity ta 
those which we have called the dark ages, and froi^ tlu^ 
to modern times. At each of these period#’ the modifii^ 
cations of opinion, and the speculations with which tl^ey 
were connected, formed a vast and tangled maze, into 
the byways of which our plan does not allow us to enter. . 
We shall esteem ourselves but too fortunate, if we c^ 
discover the single track by which ancient led to mo(}^ 
philosophy. 

I must also repeat that my survey of philosophi- 
cal Writers is here confined to this one point, — theiy 
opinions on the nature of knowledge and the method of 
science. I with some effort avoid entering upigp othifeT 
parts of the philosophy of those of whom I ^ealj ; J 
knowingly pass by those portions of their spiitulations 
which are in many cases the ’most interesting and cele- 
brated -their opinions concerning the human eoul, the 
Divine govejrnor e4 the world, the foundations or leadifig 
<loctrine» of i^olities, religian, and general philosophy. I 
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am (]e$irQU8 that my reader should bear this in mind, 
»nce he must otherwise be offended with the scanty and 
partial view which I give in this place of the philosophers 
whom L enumerate.- 


Chapter II. 

PLATO. 

There would be small advantage in beginning onr 
examination earlier than the period of the Socratic 
School at Athens ; for although the spirit of inquiry on 
such subjects had awoke in Greece at an earlier period, 
and although the peculiar aptitude of the Grecian mind 
for such researches had shown itself repeatedly in subtle 
distinctions and acute reasonings, all the positive results of 
these early efforts were contained in a more definite fonn 
in the reasonings of the Platonic age. Anterior to that 
time, tha Greeks did not possess plain and familiar exam- 
ples of exact knowledge, such as the truths of Arithmetic, 
Geometry, Astronomy, and Optics, became in the school 
of Plato; nor were the antitheses of which we spoke 
aboye, so distinctly and fully unfolded as we find them in 
Plato’s works. 

The question which hinges upon one of these anti- 
theses, occupies a prominent place in several of the 
Platonic dialogues ; — namely, whether our knowledge be 
obtaineck by means of Sensation or of Ideas. One of the 
doctrines which Plato most earnestly inculcated upon his 
countrymen was, that we do not know concerning sensible 
objects, but concerning ideas. The first attempts of the 
Greeks at metaphysical analysis had given rise to a school 
which maintained that material objects are the only 
realities. In opposition to this, arose another school, 
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which taught that material objects hare no permanent 
reality, but are ever waxing and waning, constantly 
changing their substance. “And hence,” as Aristotle 
says*, “arose the doctrine of ideas which the Platonists 
held. For they assented to the opinion of Heraclitus, 
that all sensible objects are in a constant state of flux. 
So that if there is to be any knowledge and science, it 
must be concerning some permanent natures, different 
from the sensible natures of objects ; for there can be no 
permanent science respecting that which is perpetually 
changing. It happened that Socrates turned his specu- 
lations to the moral virtues, and was the first philosopher 
who endeavoured to give universal definitions of such 
matters. He wished to reason systematically, and therefore 
ho tried to establish definitions, for definitions are the 
basis of systematic reasoning. There are two things 
which may justly be looked upon as steps in philosophy 
due to Socrates ; inductive reasonings, and universal defi- 
nitions ; — both of them steps which belong to the foun- 
dations of science. Socrates, however, did not make- 
universals, or definitions separable from the objects ; but 
his followers separated them, and these essences they 
termed Ideas.'' And the same account is given by other 
writersf . “ Some existences are sensible, some intelligi- 

ble : and according to Plato, they who wish to understand 
the principles of things, must first separate the ideas from 
the things, such as the ideas of Similarity, Unity, Number, 
Magnitude, Position, Motion : second, that we must 
assume an absolute Fair, Good, Just, and the like : third, 
that we must consider the ideas of relation, as Knowledge, 
Power ; recollecting that the things which we perceive 
have this or that appellation applied to them because 
they partake of this or that Idea; those things being ywi 
which participate in the idea of The Just, those being 

* Meiaph.y'^M. 4. t Dioo. Laeut. Vit. Plot. 
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hemttiftdt which oondin the idea of The Beautiful.” And 
iRipy of the arguments by which this doctrine was main- 
tained to be found in the Platonic dialogues. Thus 
Ihe opimon that true knowledge consists in sensation, 
W^ieh had been asser|||d by Protagoras and others, is 
refuted in the Theteielus : and we may add, so victori- 
ously refuted, that the arguments there put forth have 
ever since exercised a strong influence upon the specu- 
. lative worltk «It may be remarked that in the minds 
of Plato and of those who have since pursued the 
same paths of speculation, the interest of such discus- 
Sitins as those we are now referring to, was by no means 
limited to their bearing upon mere tlfeory; but was 
closely connected with those great questions of morals 
which have always a practical import. Those who asserted 
that the only foundation of knowledge was sensation, 
asserted also that the only foundation of virtue was the 
desire of pleasure. And in Plato, the metaphysical part 
o£ the disquisitions concerning knowledge in general, 
though independent in its principles, always seems to be 
subordinate in its purpose to the questions concerning the 
knowledge of our duty. 

Since Plato thus looked upon the Ideas which were 
involved in each department of knowledge as forming its 
only ^essential part, it was natural that he should look 
upon the study of Ideas as the true mode of pursuing 
knowledge. This he himself describes in the PhUedus*- 
“ The best way of arriving at truth is not very difficult to 
point out, but most hard to pursue. All the arts which 
have ever been discovered, were revealed in this manner. 
It is a gift of the gods to man, which, as I conceive, they 
sent down by some Prometheus, in a blaze of light ; and 
the ancients, more clear-sighted than we, arid less removed 
from the gods, handed down this traditionaiy doctrine : 

* T. ii. p. 16, c, d. ed. Bekker, t. v. p. 437. 
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that whatever is said to be, comes of*X)ne and of ‘Maiiy, 
and comprehends in itself the Finite and the Iilfinitein 
coalition (beftig one kind, and consisting of infinite indivi- 
duals). And this being the state of things, we Iftust, in 
each case, endeavour to seize the Idea (the idea of the 
kind) as the chief point ; for we shall find that it is there. 
And when we have seized this one thing, we may then 
consider how it comprehends in itself two, or three, or any 
other number; and, again, eKamine each of theSe ramifica- 
tions separately; till at last we perceive, not only that One 
is at the same time One and Many, but also how many. 
And when we have thus filled up the interval betwee# 
the Infinite and *1110 One, we may consider that we have 
done with each one. The gods then,' as I have said, 
taught us by tradition thus to contemplate, and to learn, 
and to feeach one another. But the philosophers of the 
present day seize upon the One, at hazard, too soon or 
too late, and then immediately snatch at the Infinite; 
but the intermediate steps escape them, by which the 
subject is subdivided, so that it can be the subject of logi- 
cal exposition and discussion.” 

It w’ould seem that what the author hei'e describes as 
the most perfect form of exposition, is that which refers 
each object to its place in a classification containing a 
complete series of subordinations, and which. gives a defi- 
nition of each class. Wc have repeatedly remarked that, 
in sciences Uf classification, each new definition which gives 
a tenable and distinct separation of classes is an important 
advance in our knowledge ; but that such definitions are 
rather the last thaii the first step in each advance. In the • 
progress of real knowledge, these definitions are always ’ 
the results, of a laborious study of individual cases, and 
are never arriired 4 it by a pure effort of thought, which is' 
'vhat Flath appears to have Imagined as the true mode of 
philosophizing* , And still less , do the advances of other 
VOL. ir. u 
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scienoelt consist in seizing at once upon tha^liigheft gene- 
rality, and filling in afterwards all the intermediate steps 
between that and the special instances. On the contrary, 
.as we have seen, the ascents from particular to general 
are all successive ; an#each step of this ascent requires 
time, and labour, and a patient examination of\ actual 
facts and objects. 

_ It would, of course, be absurd to blame Plato for having 
inadequate views of the natuDS of progressive knowledge, 
at the time when knowledge could hardly be said to have 
.begun its progress. But we already find in his specula- 
tions, as appears in the passages just quoted from his writ- 
ings, several poin|s brought into view v^liich w'ill require 
our continued attention as we proceed. In overlooking 
the necessity of a gradual and successive advance from 
the less general to the more general truths, Plato shared 
in a dimness of vision which prevailed among philo- 
sophers to the time of Francis Bacon. In thinking too 
slightly of the study of actual nature, he manifested a 
l^as from which the human intellect freed itself in the 
vigorous struggles which terminated the dark ages. In 
pointing out that all knowledge implies a unity of what 
we observe hs manifold, which unity is given by the 
mind, Plato taught a lesson which has of late been 
too obscurely acknowledged, the recoil by which men 
repaired their long neglect of facts having carried them 
for a while so far as to think that facts were the whole 
of our knowledge. And in analysing this principle of 
Unity, by which we thus connect sensible things, into 
various Ideas, such as Number, Magnitude, Position, 
Motion, he made a highly important step, which it has 
been the business of philosophers in succeeding times to 
complete and to follow out. 

But the efficacy of Plato’s speculations in their bear- 
ing upon physical science, and upon theory in general, 
was much weakened by the confusion of practical with 
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tlieoreilkAl laiowledge, which arose from the * ethical 
propen silies, of the Socratic school. In the Platonic 
Dialoguesj Art and Science are constantly spoken of indis- 
criminately.' The skill possessed by the Painter, the 
Architect, the Shoemaker, is considered as a just example 
of human science, no less than the knowledge which the 
geometer or the astronomer possesses of the theoretical 
truths with which he is conversant. Not only so; but 
traditionary and mythologfcal tales, mystical imaginations 
and fantastical etymologies, are mixed up, as no less 
choice ingredients, with the most acute logical analyses, 
and the most exact conduct of metaphysical controversies. 
There is no dfstinctio# made between the knowledge 
possessed by the theoretical psychologist and the physi- 
cian, the philosophical teacher of morals and the legislator 
or the administrator of law. This, indeed, is the less to 
bo wondered at, since even in our own time the same 
confusion is very commonly made by persons not other- 
wise ignorant or uncultured. 

On the other hand, we may remark finally, that Plato’s 
admiration of Ideas w'as not a barren imagination, even so 
far as regarded physical science. For, as we have sCen*, 
he had a veiy important share in the introduction of the 
theory of epicycles, having been the first to propose to 
astronomers in a distinct form, the problem of which that 
theory was the solution ; namely, “ to explain the celes- 
tial phenomena by the combination of equable circular 
motions.” This demand of an ideal hypothesis which 
should exactly express the phenomena (as well as they 
could then be observed), and from which, by the inter- 
position of suitable steps, all special cases might be 
deduced, falls in well with those views respecting the 
proper mode of Seeking knowledge which we have quoted 
from the PkiiebuSi And the Idea which couM thus 
Hut. Ind. ScU, i. 104. 
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represent and replace all the particular ’ Facts, being 
ndt only sought but found, we may readily suppose that 
the ^lilosopher was, by this event, strongly confirmed in 
his persuasion that such an Idea was indeed what the 
inquii’er ought to seek. ' In this conviction all his genuine 
followers up to modern times have participated ; and thus, 
though they have avoided the error of those who hold 
|hat facts alone are valuable as the elements of our know- 
le%e, they have frequently ruft into the opposite error of 
too much despising and neglecting facts, and of thinking 
that the business of the inquirer after truth wfes^Only a 
profound and constant contemplation of the conceptions 
of his own mind. But of this hereafter. 


Chapter Ilf. 

ARISTOTLE. 

The views of Aristotle with regard to the foundations 
of human knowledge are very different from those of his 
tutor Plato, and are even by himself put in opposition to 
them. He dissents altogether from the Platonic doctrine 
that Ideas are the true materials of our knowledge ; and 
after giving, .respecting the origin of this doctrine, the 
account which we quoted in the last chapter, he goes on 
to reason against it. “Thus,” he says*, “ they devised 
Ideas of all things which are spoken of as unlversals: 
much as if any one having to count a number of objects, 
should think that he could not do it while they were few, 
and should expect to count them by making them more 
numerous. For the kinds of things are almost more 
numerous than the special sensible obj<!cts, by seeking 
the causes of which they were led to their Ideas.” He 

* MeUiph. xii. 4. 
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then; goes on to urge several other reasons against the 
assumption of Ideas and the use of them in philosophical 
researches. 

Aristotle himself establishes his doctrines by trains of 
reasoning. But reasoning must proceed from certain First 
Principles; and the question then arises. Whence are 
these First Principles obtained ? To this he replies, that 
they are the result of Eaperience, and he even employ^ 
the same technical expression by which we at this day 
describe the process of collecting these principles from 
observed facts ; — that they are obtained by Induction. I 
have already quoted passages in which this statement is 
made*. “ The way of reasoning,” he saysf, “ is the same 
in philosophy, and in any art or science : Ave must collect 
the facts (ra vvapxoyra), and the things to which the facts 
happen, and must have as large a supply of these as pos- 
sible, and then we must examine them according to the 
terms of our syllogisms.” .... “There are peculiar 
prijiciples in each science ; and in each case these prin- 
ciples must be obtained from ea^perience. Thus astrono- 
mical observation supplies the principles of astronomical 
science. For the phenomena being rightly taken, the 
demonstrations of astronomy were discovered; and the 
same is the case with any other Art or Science. So that 
if the facts in each case be taken, it is our business to 
construct the demonstrations. For if in our natural his- 
tory {Kard Ttjv itrroplav) we have omitted none of the facts 
and properties which belong to the subject, we shall learn 
what we can demonstrate and what we cannot.” And, 
again “It is manifest that if any sensation be wanting, 
there must be some knowledge wanting, which we are 
thus prevented from having. For we acquire knowledge 
either by Induction {eTrayayp} or by Demonstration : and 

• Hitt, Ind. Set,, i. 74. + Analyt. Prior., i. 30. 

X Andlyt. Post., i. lU. 
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BemotlBtration is from universals, but Induction from 
particulars. It is impossible to have universal theoretical 
propositions except by Induction : and we cannot make 
inductions without having sensation ; for sensation has to 
do with particulars.” 

It is easy to show that Aristotle uses the term Induc- 
tion, as we use it, to express the process of collecting a 
general proposition from particular cases in which it is 
exemplified. Thus in a passage which we have already 
quoted*, he says, “ Induction, and Syllogism from Induc- 
tion is when we attribute one extreme term to the middle 
by means of the other.” The import of this technical 
phraseology will further appear by the example which lie 
gives : “ We find that several animals which are deficient 
in bile are longlived, as man, the horse, the mule ; hence 
we infer that all animals which are deficient in bile are 
longlived.” 

We may observe, however, that both Aristotle's 
notion of induction, and many other parts of his philoso- 
phy, are obscure and imperfect, in consequence of his 
refusing to contemplate ideas as something distinct from 
sensation. It thus happens that he always assumes the 
ideas which enter into his propositions as given i and con- 
siders it as the philosopher’s business to determine whe- 
ther such propositions are trde or not : whereas the most 
important feature in induction is, os we have said, the 
introduction of a new idea, and not its employment when 
once introduced. That the mind in this manner gives 
unity to that which is manifold,—- that we are thus led to 
speculative principles which have an evidence higher than 
any others,— and that a peculiar sagacity in some men 
seizes upon the conceptions by which the facts may he 
bouml into true propositions,— are doctrines which form no 
essential part of the philosophy of the Stagirite, although 

• Anal, Pri.y 4i. 23, iT(p\ rrjs ^ayayrjs. 
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such views are sometimes recognized, more or less clearly, 
in his expressions. Thus Bte says*, “ There can be no 
knowledge when the sensation does not continue in the 
mind. Fer this purpose, it is necessary both to perceive, 
and to have some unity in the mind i {yXadavoiikvois 
”EN TJ iv rfj yfrvxp) and many such perceptions having 
taken place, some difference is then perceived : and from 
the remembrance of these arises Reason. Thus from 
Sensation comes Memory, and from Memory of the same 
thing often repeated comes Experience : for many acts of 
Memory make up one Experience. And from Experi- 
ence, or from any Universal Notion which takes a per- 
manent place in the mind, — from the imify in the 
manifdd, the same some one thing being found in many 
facts,— springs the first principle of Art and of Science ; 
of Art if it be employed about production ; of Science, 
if about existence.” 

I will add to this, Aristotle’s notice of Sagacity; 
since, although little or no further reference is made to 
this quality in his philosophy, the passage fixes our atten- 
tion upon an important step in the formation of know- 
ledge. “Sagacity,” {arfxivoia) he saysf, “is a hitting by 
guess {ivaroxia Tis) upon the middle term (the conception 
common to two cases) in an inappreciable time. As for 
example, if any one seeing that the bright side of the 
moon is always towards the sun, suddenly perceives why 
this is ; namely, because the moon shines by the light of 
the sun:— -or if he sees a person talking with a rich 
man, he guesses that he is borrowing money ; — or coiyec- 
tures that two persons are friends, because they are 
enemies of the same person.” — ^To consider only the first 
of these examples the conception here introduced, that 
•of a body shining by the light which another casts upon 
it, is not contained in the observed facts, but introduced 

* Anal. Poit., ii. 19. t /i., i. 34. 
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' It is, in short, that oohnoptioh wMch, ia 
t11b‘ afet of iffdnction, the miiMf^opditidds to the phenomena 
as th’ey^are presented by the senses: and to invent such 
apprtpriate conceptions, such “ eustochies,” is, indeed^ the 
Precise office inductive sagacity. 

■ At the end of this work (the Later Analytics) Aristotle 
asctibes our knowledge of principles to Intellect, (i<o0?) or, 
as it appears necessary to translate the word, Intuition*. 

Since, of our intellectual habits by which we aim at 
truth, some are always true, but some admit of being 
false, as Opinion and Reasoning, but Science and Intuition 
are always true ; and since there is nothing-which is more 
certain than Science except Intuition ; and since Prin- 
ciples are better known <36 us than the Deductions from 
them’; and since all Science is connected by reasoning, 
we cannot have Science respecting Principles. Con- 
sidering this then, and that the beginning of Demonstra- 
tion cannot be Demonstration, nor the beginning of 
Science, Science; and since, as we have said, there is no 
other kind of truth, Intuition must be the beginning of 
Science.” 

What is here said, is, no doubt, in accordance with 
the doctrines which we have endeavoured to establish 
respecting the nature of Science, if by this Intuition we 
nnSerstand that contemplation of certain Fundamental 
Ideas, which is the basis of all rigorous knowledge. But 
notwithstanding this apparent approximation, Aristotle 
was far from having an habitual and practical possession 
of the principles which he thus touches upon. He did 
not, in reality, construct his philosophy by giving Unity 
to that which was manifold, or by seeking in Intuition 
principles which might be the basis of Demonstration ; 
nor did he collect, in' each subject, fbndamehtiU proposi- 
i^oM by an' induction of particulars. ■ ■ He* radier endea- 
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Touried 'to ditide than to unite ; he employed himself, not 
in combining facts; but ijf*nnaly8ing notions ; and the 
criterion to which he referred his analysis was, not the 
facts of our experience, but our habits of language. 
Thus his opinions rested, not upon sound inductions, 
gathered in each case from the phenomena by means of 
appropriate Ideas ; but upon the loose and vague generali- 
zations which are implied in the common' use of speech. 

Yet Aristotle was so far consistent with his own 
doctrine of the derivation of knowledge from experience, 
that he made in almost every province of human know- 
ledge, a vast collection of such special facts as the expe- 
rience of his time supplied. These collections are almost 
unrivalled, even to the presentiiday, especially in Natural 
History; in other departments, when to the facts we 
must add the right Inductive Idea, in order to obtain 
truth, we find little of value in the Aristotelic works. 
But in those parts which refer to Natural History, we 
find not only an immense and varied collection of facts 
and observations, but a sagacity and acuteness in classifi- 
cation which it is impossible not to admire. This indeed 
appears to have been the most eminent faculty in Aris- 
totle’s mind. 

The influence of Aristotle in succeeding ages will 
come under our notice shortly. “ - 


Chapter IV. 

tHE LATER GREEKS. 

ThCs while Plato was disposed to seek the essence of 
our knowledge in Ideas alone, Aristotle, slighting this 
source of timtb; ^looked to Experience as tlie beginning of 
Science; while he attempted to obtain, by division and 
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deduction, all that Experience did not immediately sup- 
ply. And thus, with these tWo great names, began that 
struggle of opposite opinions which has ever since that 
time agitated the speculative world, as men have urged 
the claims of Ideas or of Experience to our respect, 
and as alternately each of these elements of knowledge 
has been elevated above its due place, while the other 
has been unduly depressed. We shall see the successive 
turns of this balanced struggle in the remaining portions 
of this review. 

But we may observe that practically the influence of 
Plato predominated rather than that of Aristotle, in the 
remaining part of the history of ancient philosophy. It 
was, indeed, an habitual subject of dispute among men of 
letters, whether the sources of true knowledge are to be 
found in the Senses or in the Mind; the Epicureans taking 
one side of tlys alternative, and the Academics another, 
while the Stoics in a certain manner included both ele- 
ments in their view. But none of these sects showed 
their persuasion that the materials of knowledge were to 
be found in the domain of Sense, by seeking them there. 
No one appears to have thought of following the example 
of Aristotle, and gathering together a store of observed 
facts. We may except, perhaps, assertions belonging to 
some provinces of Natural History, which were collected 
by various writers: but in these, the mixed character of 
the statements, the want of discrimination in the estimate 
of evidence, the credulity and love of the marvellous 
which the authors for the most part displayed, showed 
that instead of improving upon the example of Aristotle, 
they were wandering further and further from the path of 
real knowledge. And while they thus collected, with so 
little judgment, such statements as offered themselves, it 
hardly appears to have occurred to any one to enlarge 
the stores of observation by the aid of expriment ; and 
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to learn what the laws of nature were, by trying what 
were their results in particular cases. They used no 
instruments for obtaining an insight into the constitution 
of the universe, except logical distinctions and discus- 
sions; and proceeded as if the phenomena familiar to 
their predecessors must contain all that was needed as a 
basis for natural philosophy. By thus contenting them- 
selves with the facts which the earlier philosophers had 
contemplated, they were led also to confine themselves to 
the ideas which those philosophers had put forth. For 
all the most remarkable alternatives of hypothesis, so far 
as they could be constructed with a slight and common 
knowledge of phenomena, had been promulgated by the 
acute and profound thinkers who gave the first impulse 
to philosophy : and it was not given to man to add much 
to the original inventions of their minds till he had 
undergone anew a long discipline of observation, and of 
thought employed upon observation. Thus the later 
authors of the Greek Schools became little better than 
commentators on the earlier; and the common places 
with which the different schools carried on their debates, 
— the constantly recurring argument, with its known 
attendant answer,- — the distinctions drawn finer and finer 
and leading to nothing, — render the speculations of those 
times a scholastic philosophy, in the same sense in which 
we employ the term when we speak of the labours of the 
middle ages. It will be understood that I now refer to 
that which is here my subject, the opinions concerning 
our knowledge of nature, and the methods in use for the 
purpose of obtaining such knowledge. Whether the- 
moral speculations of the ancient world were of the same 
stationary kindj going their round in a limited circle, like 
their metaphysics and physics, must be consideicd on 
some other occasion. 

As a specimen of the later Greek reasonings on 
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eical philosophy, I may take a passage from Galen’s Com, 
mentary on the Treatise of Hippocrates, Om the Ekments. 
“ What, then,” he asks *, “ is the method of discovering 
these Elements? To me it seems there can be no other 
than that which was introduced by Hippocrates. For we 
must reason first, considering if an Element be a thing 
which is one, according to its idea ; (ei/ n rijy ISeav ;) and 
next, if many and various and dissimilar, how many, and 
of what kind they are, and how related by their associa- 
tion. Now that the First Element is not one only, com- 
prising both our bodies and other things, Hippocrates 
show's. For if man were one Element only, he could not 
fall sick; for there would be nothing which could derange 
his health, if he w'ere of one Element only.” We have 
seen, in the History of Science, that Galen is one of the 
greatest names ^ ancient Physiology: but when he 
makes the attempt to pass at one step from the piost 
familiar facts lo the ultimate constitution of the universe, 
it is not wonderful that his reasonings aro of no real 
value or import. ^ 

Before we quit the ancients we may observe some 
peculiarities in the Roman disciples of the Greek philo- 
sophy,* which may be worthy our notice. 


Chapter V. 

THE ROMANS. 

The Romans had no philosophy but that which they 
borrowed from the Greeks ; and what they thus received, 
they hardly made entirely their own. The vast and pro- 
found question of which ^e have been speaking, the rela- 
tion between Existence and our Knowledge of what 

Lib.i. C.2. 



THE ROMANS. 301 

exists, thfey riev^T appear to have fathomed, even so fkr 
as to discern how wide and deep it is. In the develo[)- 
nient of the ideas by which nature is to be understood, 
they went no further than their Greek masters had gone, 
nor indeed was more to be looked for. And in the 
practical habit of accumulating observed facts as mate- 
rials for knowledge, they were much less discriminating 
and mdre credulous than their Greek predecessors. The 
descent from Aristotle to Pliny, in the judiciousness of 
the authors and the value of their collections of facts, 
is immense. ^ 

Since tlie Romans were thus servile followers of their 
Greek teachers, and little acquainted with any example 
of new truths collected from the world around them, it 
was not to bo expected that they could have any just 
conception of that long and magnificent ascent from one 
set of truths to others of higher order and ^vider compasi, 
which the history of science began to exhibit when the 
human mind recovered its progressive habits. Yet some 
dim presentiment of the splendid career thus destined for 
the intellect of man appears from time to time to have 
arisen in their minds. Perhaps the circumstance which 
most powerfully contributed to suggest this vision, was 
the vast intellectual progress which they were themselves 
conscious of having made, through the introduction of 
the Greek philosophy; and to this may be added, per- 
haps, some other features of national character. Their 
temper was too stubborn to acquiesce in the absolute 
authority of the Greek philosophy, although their minds 
Were not inventive enough to establish a rival by its side.* 
And the wonderful progress of their political power had 
given them a^hope in the prqgress of man which the 
Greeks never possessed. The Romany as he believed the 
fortune of his State .to be destined for eternity, believed 
also in the immortal destiny and endless advance of that 
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Intellectual Republic of which he had been admitted a 
denizen. 

It is easy to find examples of such feelings as I have 
endeavoured to describe. The enthusiasm with which 
Lucretius and Virgil speak of physical knowledge, mani- 
festly arises in a great measuie from the delight which 
they had felt jn becoming acquainted with the Greek 
theories. 

Me voro primum dulces ante omnia musffl 
Quarum sacra fero ingenti perculsus amore^ 

Accipiant, coeliquo vias et sidera monstrent, 

Defcctus soils varies, Lunaeque labores I 

Felix qui potuit rerum cognosccre causas ! 

Ovid* expresses a similar feeling. 

Felices animos quibus heec cop;noscere primis 
Inque domes superas scandere cura fuit ! . . . 

Admovero oculis distantia sidera nostris 
< iEth^aqno ingenio supposuere suo. 

■ Sic petitur ccelum : non ut ferat Ossain Olympus 

Summaque Feliacus sidera tanget apex. 

And from the whole tenour of these and similar pas- 
sages, it is evident that the intellectual pleasure which 
arises from our first introduction to a beautiful physical 
theory had a main share in producing tliis enthusiasm 
at the contemplation of the victories of science ; although 
undoubtedly the moral philosophy, which was never sepa- 
rated frona the natural philosophy, and the triumph over 
superstitious fears which a knowledge of nature was 
supposed to furnish, added warmth to the feeling of 
exultation. . 

We may trace a similar impression in the ardent 
expressions which Pliny f makeB use of in speaking of the 
early astronomers, and which we have quoted in the 
History. Great men! elevated above the common 
standard of human nature, by discovering the laws which 

* L. i., Fast. t i. 75. 
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celestial occurrences obey, and by freeing the •wretched 
mind of man from the fears which eclipses inspired.” 

This exulting contemplation of what science had done, 
naturally led the mind to an anticipation of further 
achievements still to be performed. Expressions of this 
feeling occur in Seneca, ,ftpd are of the most remarkable 
kind, as the following example will show*. 

“ Why do we wonder that comets, so rare a pheno- 
mena, have not yet had their laws assigned? — ^that we 
sliould know so little of their beginning and their end, 
when their recurrence is at wide intervals f It is not yet 
fifteen hundred years since Greece, 

Stellis numcros et nomina fecit, 

reckoned the stars, and gave them names. There are 
still many nations which are acquainted with the heavens 
by sight only; which do not yet know why the moon dis- 
appears, why she is eclipsed. It is but lately that among 
us philosophy has reduced these matters to a certainty. 
The day shall come when the course of time and the 
labour of a maturer age shall bring to light what is yet 
concealed. One generation, even if it devoted itself to 
the skies, is not enough for researches so extensive. How 
then can it be so, when we divide this scanty allowance 
of years into no equal shares between our studies and our 
vices ? These things then must be explained by a long 
succession of inquiries. We have but just begun to 
know how arise the morning and evening appearances, 
the stations, the progressions, and the retrogradations of 
the fixed stars which put themselves in our way ; — which 
appearing perpetually in another and another place com- 
pel us to be curious. sSome one will hereafter demon- 
strate in what region the comets wander ; why they move 
so far asunder from the rest ; of what size «nd nature 
they are. Let us be content with what ■we have dis- 


* ^umt. Nat., vii. 25. 
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f-' let “ posterity tsontribute^its shar^ ' 

. adds* in the same ^rahi?' “Let 4^' not 

IdW that what lies so 
pillow iJiafty animals have bl^^^me ittibWn for the first time 
».. this age! And the meiiabeis of future. g^herafions 
kiS^know many of which pe are igiKDrant Many 
|s ju*e reserved for ages to come-wh^sn oiif 'tobmoiy 
j)assed away. The wwla would be ff snlali 
k .if . . T not contain matter of inquiry /w 

*]^eusis reserves something ft|IIN;he second 
^^Vlfehipper. So too Nature '^does not 9t once 
t mysteries. We think ourselves initiated, 
jjye are but in the vestibule. The arcana are not thrown 
open without distinction and without reserve. This age 
. will see some things ; that which comes after us, others.” 

Wtiile we admire the happy coincidence of these 
conjectures w^i the soundest views which the history of 
science teaches us, we must not forget that they are 
merely conjectures, suggested by very vague impressions, 
and associated with very scanty conceptions of the laws 
, of nature. Seneca’s Natural Questions, from which the 
above extract is taken, contains a series of disisertations 
on various subjects of Natural Philosophy j ' as Meteors, 
Bainbqws, Lightning, Springs, Rivers, SnoW; Hailj Rain, 
Wind, Earthquakes and Comets. In the whole of these 
dissertatioiiu, the statements are loose, and the explana- 
tions of little or no value. Perhaps it may be worth our 
While to notice a case in which he refers to aif observa- 
tldn of his qjrn, although his conclusion from it be erro- 
neous. He is arguhigf against the opinion that Springs 
arise from the water which faHs in rain. “ Iii the first 
place,” he says, a very diligent digger in my vineyard, 
affirm thermo rain is so heavy as to moisten the earth to 
the depth of more than ten feet. All the moisture is 

Qtuett. Nat., vii. 30, 31. + Jh., iii. 7- 
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consumed iii this outer crust,’ and descends not to the 
lower part.’’ We ha\i€f here something of the natujrg^ of 
an experiment*; and; ju||feed, as we may readily conceivei,. 
the instinct which impels man to seek truth by experi- 
ment can never be altoget|ier extinguished. Seneca's-, 
experiment wa^i deprived of its value by the indisQnct*. 
ness of his ideas, which lea him to rest in the crude aodai 
cepjtion of the wat^’ being “consumed” in the sup^iloilj^ 
crust of the earth. 

It is nufiecessary to j)ursue further the reasonings of 
theHeraans on such subjects, and we now 'proceed to th©^ 
ages which succeeded the fall of their empire. 


Chapter VI. 

THE SCHOOLMEN OF THE MIDDLE AGES. 

In the History of the Sciences I have devoted a Book 
to the state of Science in the middle ages, and have 
endeavoured to analyse the intellectual defects of that 
period. Among the characteristic features of the human 
mind during those times, I have noticed Indistinctness of 
Ideas, a'Commentatorial Spirit, Mysticism, and Dogma- 
tism. The account there given of this portion of the 
])iistory of man belongs, in reality, rather to tlie present 
work than to the History of Progressive Science. For, 
ivs we have there remai’ked, theoretical Science was, during 
the period of which we speak, almost entirely stationary ; 
and the investigation of the causes of such a state of 
things may -be considered, as a part of that review, in 
which we are now engaged, of tlie vicissitudes of man’s 
acquaintance with the methods of discovery. But when 
We offered to the world a history of science, to leave so 
large a chasm unexplained, would have made the series 
VOL. n. X 
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of events seem defective and broken; and the survey of 
tho, Middle Ages Avas therefore inserted. I would beg to 
refer to that portion of the former work the leader who 
wishes for information in addition to wdiat is here given. 

The Indistinctness of Ideas and the Commentatorial 
'Disposition of those ages have already been here brought 
under our notice. Viewed with reference to the opposi- 
tion between Experience and Ideas, on which point, 
as we have said, the succession of opinions in a great 
measure turns, it is clear that the commentatoiial 
method belongs to the ideal side of the question: for 
the commentator seeks for such knowledge as he values, 
by analysing and illustrating what his author has said ; 
and, content with this material of speculation, does not 
desire to add to it new stords of experience and obser- 
vation. And w ith regard to the two other features in the 
character which we gave to those ages, we may observe 
that Dogmatism demands for philosophical theories the 
Submission of mind, due to those revealed religions doc- 
trines w'hieh are to guide our conduct and direct our 
hopes : while Mysticism elevates ideas into realities, and 
offers them to us as the objects of our religious regard. 
Thus the Mysticism of the middle ages and their Dogma- 
tism alike arose from not discriminating the offices of 
theoretical and practical philosophy. Mysticism claimed 
for ideas the dignity and reality of principles of moral 
action and religious hope: Dogmatism imposed theoretical 
opinions respecting speculative points with the imperative 
tone of rules of conduct and faith. 

If, however, the opposite claims of theory and prac- 
tice interfered with the progress of science by the con- 
fusion they thus occasioned, they did so far more by 
drawing -men away altogether from mere physical specu- 
lations. The Christian religion, with its precepts, its 
hopes, and its promises, became the leading subject of 
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men’s thoughts ; and the great active truths thus revealed, 
and the duties thus enjoined, made all inquiries of mere 
curiosity appear frivolous and unworthy of man. The 
Fathers of the Church sometimes philosophized ill ; but 
far more commonly they were too intent upon the great 
lessons which they had to teach, respecting man’s situation 
in the eyes of his Heavenly Master, to philosophize at 
all respecting things remote from the business of life and 
of no importance in man’s spiritual concerns. 

Yet man has his intellectual as well as his spiritual 
wants. He has faculties which demand systems and 
reasons, as well as precepts and promises. The Christian 
doctor, who knew so much more than the heathen philo- 
sopher respecting the Creator and Governor of the uni- 
verse, was not long content to know or to teach less, re- 
specting the universe itself. While it Avas still maintained 
that Theology was the only really important study. Theo- 
logy Avas so extended and so fashioned as to include all 
other knowledge : and after no long time, the Fathers 
of the Church themselves became the authors of systems 
of universal knowledge. 

But Avhen this happened, the commentatorial spirit 
was still in its full vigour. The learned Christians could 
not, any more than the later Greeks or the Romans, 
devise, by the. mere force of their own invention, neAV 
systems, full, comprehensive, and connected, like those of 
the heroic age of philosophy. The same mental tenden- 
cies which led men to look for speculative coherence and 
completeness in the view of the universe, led them also 
to admire and dwell upon the splendid and acute specu- 
lations of the Greeks. They were content to find, in 
these immortal works, the answers to the questions which 
their curiosity prompted ; and to seek what further satis- 
faction they might require, in analysing and unfolding 
the doctrines promulgated by those great masters of 

X 2 
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l^nowledge. Thus the Christian doctors became, as to 
general philosophy, commentators uiion the ancient Greek 
teachers. 

Among these, they selected Aristotle as their peculiar 
object of admiration and study. The vast store, both of 
opinions and facts, which his works contain, his acute 
distinctions, his cogent reasons in some portions of bis 
speculations, his symmetrical systems in almost all, natu- 
rally commended him to the minds of subtle and curious 
men. We may add that Plato, who taught men to con- 
template Ideas separate from Things, was not so well 
fitted for general acceptance as Aristotle, who rejected 
this separation. For although the due apprehension of 
this opposition of ideas and sensations is a necessary step 
in the progress of true philosophy, it requires a clearer 
view and a more balanced mind than the common herd 
of students possess ; and Aristotle, who evaded the neces- 
sary perplexities in which this antithesis involves us, 
appeared, to the temper of those times, the easier and the 
plainer guide of the two. 

The Doctors of the middle ages having thus adopted 
Aristotle as their master in philosophy, we shall not be 
surprised to find them declaring, after him, that experience 
is the source of our knowledge of the visible world. But 
though, like the Gi’eeks, they thus talked of experiment, 
like the Greeks, they showed little disposition to discover 
the laws of nature by observation of facts. This barren 
and formal recognition of experience or sensation as one 
source of knowledge, not being illustrated by a practical 
study of nature, and by real theoretical truths obtained 
by such a study, remained ever vague, wavering, and 
empty. Such a mere acknowledgement cannot, in any 
times, ancient or modern, be considered as indicating a 
just apprehension, of the true basis and nature of science. 

In imperfectly perceiving liow, and how far, expei'i- 
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ence is the source of our knowledge of the external 
Morld, the teachers of the middle ages were in the dark; 
but so on this subject have been almost all the writers of 
all ages, with the exception of those who in recent times 
have had their minds enlightened by contemplating phi- 
losophically the modern progress of science. The opinions 
of the doctors of the middle ages on such subjects gene- 
rally had those of Aristotle for their basis ; but the sub- 
ject was often still further analysed and systematized, 
with an acute and methodical skill hardly inferior to that 
of Aristotle himself. 

The Stagirite, in the beginning of his Physics, had 
made the following remarks. “ In all bodies of doctrine 
which involve principles, causes, or elements. Science 
and Knowledge arise from the knowledge of these ; (for 
we then consider ourselves to know respecting any 
.subject, when we know its first cause, its first prin- 
ciples, its ultimate elements.) It is evident, therefore, 
that in seeking a knowledge of nature, we must first 
know what are its principles. But the course of our 
knowledge is, from the things which are better known 
and more manifest to us, to the things which are more 
certain and evident in nature. For those things which 
are most evident in truth, are not most evident to us. 
[And consequently we must advance from things ob- 
senre in nature, but manifest to us, towards the things 
which are really in nature more clear and certain.] Tlie 
things which are first obvious and apparent to us are 
complex; and from these ive obtain, by analysis, prin- 
ciples and elements. We must proceed from universals 
to particulars. For the whole is better known to our 
senses than the parts, and for the same reason, the uni- 
versal better known than the particular. And thus 
Words signify things in a large and indiscriminate way, 
which isnfterwards analysed by definition ; as we see that 
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the dhildren at first call all men father, and all women 
mother, but afterwards leant to distinguish.’' 

There are various assertions contained in this extract 
which came to he considered as standard maxims, and 
which occur constantly in the writers of the middle ages. 
Such are, for instance, the maxim, “Vere scire est per 
causas scire;” the remark, that compounds are known to ns 
before their parts, and the illustration from the expressions 
used by children. Of the mode in which this subject was 
treated by the schoolmen, we may judge by looking at 
passages of Thomas Aquinas which treat of the subject 
of the human understanding. In the Summa Theolo(fi<e. 
the eighty-fifth Question is On the manner and wder of 
understanding, which subject he considers in eight Arti- 
cles; and these must, even now’, lie looked upon as exlii- 
biting many of the most important and interesting points 
of the subject. They are, First, Whether our under- 
standing understands by abstracting ideas (species) from 
appearances; Second, Whether intelligible species ab- 
stracted from appearances arc related to our understand- 
ing as that roliich we understand, or that by which, we 
understand ; Third, Whether our understanding does 
naturally understand universals first; Fourth, Whetlicr 
our understanding can understand many things at once; 
Fifth, AVhether our understanding understands by com- 
pounding and dividing ; Sivth, Whether the understand- 
ing can err ; Seventh, Whether one person can understand 
the same tiling better than another; Eighth, Whether 
our Understanding understands the indivisible sooner than 
the divisible. And in the discu.ssion of the last point, for 
example, reference is made to the passage of Aristotle 
which we have already quoted. “ It may seem,” he says 
“ that we understand the indivisible before the divisible ; 
.for the Philosophttf says that, we understand and knoiv 
dby knowing principles and. elements ; but indivisibles are 
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the principles and elements of divisible things. But to 
this we may reply, that in our receiving of science, pi-in- 
ciples and elements are not always first ; for sometimes 
from the sensible effects we go on to the knowledge of 
intelligible principles and causes.” We see that both 
the objection and the answer are drawn from Aristotle. 

We find the same close imitation of Aristotle in 
Albertus Magnus, who, like Aquinas, flourislied in the 
thirteenth century. Albertus, indeed, wrote treatises 
corresponding to almost all those of the Stagirite, and 
was called the Ape of Aristotle. In the beginning of his 
Physics, he says, “ Knowledge does not always begin from 
that whicli is first according to the nature of things, but 
from that of which the knowledge is easiest. For the 
human intelle(!t, on account of its relation to the senses 
{propter reflexionam quam habct ad sensum), collects science 
from the senses ; and thus it is easier for our knowledge 
to begin from that which we can apprehend by sense, 
imagination, and intellect, than from that which we appre- 
hend by intellect alone.” We see that he has some- 
what systematized what he has borrowed. 

This disposition to dwell upon and systematize the 
leading doctrines of metaphysics assumed a moi’e defi- 
nite and permanent shaj>e in the opposition of the 
Realists and Nominalists. The opjjosition involved in 
this controversy is, in fact, that fundamental antithesis 
of Sense and Ideas about Avhich philosophy has ahvays 
been engaged ; and of which we have marked the mani- 
festation in Plato and Aristotle. The question. What 
is the object of our thoughts when we reason concerning 
the external world ? must occur to all speculative minds : 
and the diflficulties of the answer are manifest. We 
must reply either that our own Ideas, or that Sensible 
Things, are the element^ of our kiowledgS of nature. 
And then the scruples again occur, — how we have any 
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general knowledge if our thoughts are fixed on particular 
objects ; and, on the other hand, — how we can attain to 
any true knowledge of nature by contemplating ideas 
which are not identical with objects in nature. The two 
opposite opinions maintained on this subject were, on the 
one side, — that our general propositions refer to objects 
which are real, though divested of the peculiarities of 
individuals ; and, on the other side, — that in such propo- 
sitions, individuals are not represented by any reality, but 
bound together by a name. These two views were held 
by the Realists and Nominalists respectively: and thus 
the Realist manifested the adherence to Ideas, and the 
Nominalist the adherence to the impressions of Sense, 
which have always existed as opposite yet correlative 
tendencies in man. 

The Realists were the prevailing sect in the Scholastic 
times: for example, both Thomas Aquinas and Duns 
Scotus, the Angelical and the Subtile Doctor, held tliis 
opinion, although opposed to each other in many of their 
leading doctrines on other subjects. And as the Nomi- 
nalist, fixing his attention ujton sensible objects, is obliged 
to consider what is the principle of generalization, in order 
that the possibility of any general jrroposition may be 
conceivable ; so on the other hand, the Realist, beginning 
with the contemplation of universal ideas, is comjielled to 
ask what is the prineiple of individuation, in order tliat he 
may comprehend the application of general propositions 
in each particular instance. This inquiry concerning the 
principle of individuation was accordingly a problem 
which occupied all the leading minds among the School- 
men*. It will be apparent from what has been said, that 
it is only one of the many forms of the fundamental 
antithesis of the Ideas and the Senses, which we have 
constantly before uf^in this review. 

* Soo the opinioif of Aquinas, Deokiiando, Jlist. Com. det Spsl-. 
499; of Duns Scotus, ib., iv. 523. 
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The recognition of the derivation of our knowledge, 
in part at least, from Experience, though always loose 
and incomplete, appears often to be independent of the 
Peripatetic traditions. Thus Richard of St. Victor, a 
writer of contemplative theology in the twelfth century, 
says*, that “ there are three sources of knowledge, experi- 
ence, reason, faith. Some things we prove by experiment, 
others, we collect by reasoning, the certainty of others 
we hold by believing. And with regard to temporal 
matters, we obtain our knowledge by actual experience ; 
the other guides belong to divine knowledge.” Richard 
also propounds a division of human knowledge which is 
clearly not derived directly from the ancients, and which 
shows tliat considerable ^ittention must have been paid to 
such speculations. He begins by laying down clearly 
and broadly the distinction, which, as we have seen, is of 
primary importance, between iwactice and themy. Practice, 
lie says, includes seven mechanical arts; those of the 
clothier, the armourer, the navigator, the hunter, the 
physician, and the jdayer. Theory is threefold, divine, 
natural, doctrinal ; and is thus divided into Theology, 
Physics, and Mathematics. Mathematics, he adds, treats 
of the invisible forms of visible things. We have seen 
that by many profound thinkers this word forms has been 
selected as best fitted to describe those relations of thinsrs 
which arc the subject of mathematics. Again, Physics 
discovers causes from their effects and effects from their 
causes. It would not be easy at the present day to give 
a better account of the object of physical science. But 
Richard of St. Victor makes this account still more 
remarkably judicious, by the examples to which he 
alludes; which are earthquakes, the tides, the virtues 
ef plants, the instincts of animals, the classification of 
Jirinerals, jilants and reptiles. 


* Litjcr Excerptionum, 1. 1.0.1. 
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Unde tremor terris, qua vi maria alta tnmescant, 

Herbarum vires, aniznos irasque ferarum, 

Omne genus fruticum, lapidum quoque, reptiliumque. 

He further adds*, “ Physical science ascends from effects 
to causes, and descends again from causes to effects.” 
This declaration Francis Bacon himself might have 
adopted. It is true, that Richard would probably have 
been little able to produce any clear and definite instances 
of knowledge, in which this ascent and descent were 
exemplified ; but still the statement, even considered as 
a mere conjectural thought, contains a portion of that 
sagacity and comprehensive power which we admire so 
much in Bacon. 

Richard of St. Victor, who lived in the twelfth cen- 
tury, thus exhibits more vigour and independetice of 
speculative power than Thomas Aquinas, Albertus Mag- 
nus, and Duns Scotus in the thirteenth. In the interval, 
about the end of the twelfth century, the writings of 
Aristotle had become generally known in the West; ami 
had been elevated into the standard of philosophical 
doctrine, by the divines mentioned above, who felt a 
reverent sympathy with the systematizing and subtle 
spirit of the Stagirite as soon as it was made manifest to 
them. These doctors, following the example of their 
great forerunner, reduced every part of human know- 
ledge to a systematic form ; the systems which they thus 
framed were presented to men’s minds as the only true 
philosophy, and dissent from them was no longer con- 
sidered to be blameless. It was an offence against reli- 
gion as well as reason to reject the truth, and the truth 
could be but one. In this manner arose that claim which 
the Doctors of the Church put forth to control men’s 
opinions upon all subjects, and which we have spoken' of 
in the History of Science as the Dogmatism of the 

* 2'r. Ex., 1 . i. c. 7* 
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Middle Ages. There is no difficulty in giving examples 
of this characteristic. We may take for instance a 
Statute of the University of Paris, occasioned by a Bull 
of Pope John XXI., in which it is enacted, “ that no 
Master or Bachelor of any faculty, shall presume to 
read lectures upon any author in a private room, on 
account of the many perils which may arise therefrom ; 
but shall read in public places, where all may resort, and 
may faithfully report what is there taught; excepting 
only books of Grammar and Logic, in which there can be 
no ])resumption.” And certain errors of Brescain are 
condemned in a Rescript* of the papal Legate Odo, with 
the following expressions : “ Whereas,, as we have been 
informed, certain Logical professors treating of Theology 
in their disputations, and Theologians treating of Logic, 
contrary to the command of the laAv are not afraid to 
mix and confound the lots of the Lord’s heritage ; we 
exhort and admonish your University, all and singular, 
that they be content with the landmarks of the Sciences 
and Faculties Avhich our Fathers have fixed ; and that 
having duo fear of the curse pronounced in the law 
against him who removeth his neighbour’s landmark, 
you hold such sober wisdom according to the Apostles, 
that ye may by no means incur the blame of innovation 
or presumption.” 

The account which, in the History of Science, I gave 
of Dogmatism as a characteristic of the middle ages, has 
been indignantly rejected by a very pleasing modern 
writer, who has, with great feeling and great diligence, 
brought into view the merits and beauties of those times, 
termed by him Ages of Faith. He urgesf that religious 
authority was never claimed for physical science : and he 
fiuotes from Thomas Aquinas, a passage in xvhich the 

Tenxeman, viii. 4(31, 

t Mores Catholici^ or Ages of Faith ^ viii. p. 247. 
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author protests against the practice of confounding oj)n 
iiions of philosophy with doctrines of faith. We might 
quote in return the Rescript^ of Stephen, bishop of Paris, 
ill which he declares that there can be but one truth, aiul 
rejects the distinction of things being true according to 
philosophy and not according to the Catholic faith ; and 
it might be added, that among the errors condemned in 
this document are some of Thomas Aquinas himself. We 
might further observe, that if no physical doctrines w^ere 
condemned in the times of which we now speak, this was 
because, on such subjects, no new opinions were promul- 
gated, and not because opinion was free. As soon as 
new opinions, even on physical subjects, attracted general 
notice, they were prohibited by authority, as we see in 
the case of Galileof . 

But this disinclination to recognize philosophy as 
independent of religion, and this disposition to find in 
new theories, even in physical ones, something contrary 
to religion or scripture, are, it w^ould seem, very natural 


* Tenneman, vlli. 400. 

t It there Avere any doubt on this subject, we might refer to the 
writers wlio afterwards (]ucstioncd the supremacy of Aristotle, anil 
who with one voice assert that an infallible authority had been clainieil 
for him. Thus Laiireiitius Valla : “ Quo minus fereiidi sunt recentes 
Peripatetici, qui iiullius scctas hoininibiis interdicunt libertate ab Aris- 
totle dissentiendi, quasi sophos hie, non philosophiis.” Pref, in Dial 
(TkiNNEMAN, ix. 29.) ^o Ludovicus Yives : ‘‘ Sunt ex philosopliis et 
ex theologis qui non solem quo Aristotelcs pervenit extrciniuu esse 
aiunt naturae, sed qua pervenit earn rcctissimam esse oinniuin ct cer- 
tissiniam iu nafura viam.” (Texxeman, ix. 43.) We might urge too, 
the evasions practised hy Reformers, through fear of the dogmatism 
to which they had to submit ; for example, the protestation of Telcsius 
at the end of the Proem to his work, De Berum Natura : Nec tanien, 
si quid eonmi quae nobis posita sunt, sacris literis, Catholicoove ecclesi® 
dccretis non cohaereat, tenendum id, quin penitus rejiciendiim assevc- 
raiims contendimusqiic. Neque eniin humana modo ratio quasvis, sed 
ipnii ctiam mistnf illis pmihaltndns^ et si illis non congruat, abnegandus 
omnino ct ipse ctiam est sensus.'* 
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tendencies of theologians; and it would be unjust to 
assert that these propensities were confined to the periods 
when the authority of papal Rome was highest ; or that 
the spirit which has in a great degree controlled and 
removed such habits was introduced by the Reformation 
of religion in the sixteenth century. We must trace to 
other causes, the clear and general recognition of Phi- 
losophy, as distinct from Theology, and independent of her 
authority. In the earlier ages of the Church, indeed, 
this separation had been acknowledged. St. Augustin 
says, “ A Christian should beware how he speaks on 
questions of natural philosophy, as if they were doctrines 
of Holy Scripture ; for an infidel who should hear him 
deliver absurdities could not avoid laughing. Thus the 
Christian \vould be confused, and the infidel but little 
edified ; for the infidel w'ould conclude that our authors 
really entertained these extravagant opinions, and there- 
fore they would despise them, to their own eternal ruin. 
Therefore the opinions of philosophers should never be pro- 
posed as dogmas of faith, or rejected as contrary to faith, 
when it is not certain that they are so.” These words are 
quoted with approbation by Thomas Acpiinas, and it is 
said*, arc cited in the same manner in every encyclojK'- 
(lical w'ork of the middle ages. This warning of genuine 
wisdom was afterwards rejected, as we have seen ; and it 
it only in modern times that its value has again been 
fully recognized. And this improvement we must ascribe, 
mainly to the progress of physical science. For a great 
body of undeniable truths on physical subjects being accu- 
mulated, such as had jio reference to nor connexion with 
the truths of religion, and yet such as possessed a strong 
interest for most men’s minds, it was impossible longer to 
deny that there were wide provinces of knowledge which 

* Affet of Faith, viii. 247 s to the author of which I am obliged 
htr this quotation. 



31 « 


REVIEW OF OPINIONS ON KNOWLEDGE. 


were, not included in the dominions of Theology, and over 
which she had no authority. In the fifteenth and sixteenth 
centuries, the fundamental doctrines of mechanics, hydro- 
statics, optics, magnetics, chemistry, were established and 
promulgated ; and along with them, a vast train of conse- 
quences, attractive to the mind by the ideal relations 
which they exhibited, and striking to the senses by the 
power which they gave man over nature. Here was a 
region in which philosophy felt herself entitled and im- 
pelled to assort her independence. From this region, 
there is a gradation of subjects in which philosophy ad- 
vances more and more towards the peculiar domain of 
religion; and at some intermediate points there have 
been, and probably will always be, conflicts respecting 
the boundary line of the two fields of speculation. For 
thd limit is vague and obscure, and apfiears to fluctuate 
and shift with the progress of time and knowledge. 

Our business at present is not with the whole extent 
and limits of philosojrhy, but with the progress of physical 
science more particularly, and the methods by whicli it 
may be attained : and we are endeavouring to trace his- 
torically the views which have prevailed respecting such 
methods, at various periods of man’s intellectual progress. 
Among the most conspicuous of the revolutions which 
opinions on this subject have undergone, is the transition 
from an implicit trust in the internal powers of man’s 
mind to a professed dependence upon external observation; 
and from an unbounded reverence for the wisdom of the 
past, to a fervid expectation of change and improve- 
ment. The origin and progress of this disposition of 
mind ; the introduction of a state of things in which rnen 
not only obtained a body of indestructible truths from 
experience, and increased it from generation to genei»- 
tion, but professedly, and we may say, ostentatiously 
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declared such to be the source of their knowledge, and 
such their hopes of its destined career ; — ^the rise, in short, 
of Experimental Philosophy, not only as a habit, but as a 
Philosophy of Experience, is what we must now endea- 
vour to exhibit. 


Chapter VII. 

THE INNOVATORS OF THE MIDDLE AGES. 

Gemral Remarks. — In the rise of Experimental 
Philosophy, understanding the term in the way just now 
stated, two features have already been alluded to : the 
disposition to cast oft' the prevalent reverence for the 
opinions and methods of preceding teachers with an eager 
expectation of some vast advantage to be derived from a 
change ; and the belief that this improvement must be 
sought by drawing our knowledge from external observa- 
tion rather than from mere intellectual efforts ; — the 
Insurrection against Autlmitg, and the Appeal to Ewpe^ 
rience. These two movements were closely connected ; 
but they may easily be distinguished, and in fact, persons 
were very prominent in the former part of the task, who 
had no comprehension of the latter principle, from which 
alone the change derives its value. There were many 
Malcontents who had no temper, talent or knowledge, 
which fitted them to be Reformers. 

The authority which was^ questioned, in the struggles 
of which we speak, was that of the Scholastic System^ 
the combination of Philosophy with Theology ; of which 
Aristotle, presented in the form and manner which the 
Doctors of the Church had imposed upon him, is to be 
considered the representative. When there was demanded 
of men a submission of the mind, such as this system 
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claimed, the natural love of freedom in man’s bosom, 
and the., speculative tendencies of his intellect, rose in 
rebellion, from time to time, against the ruling oppres- 
sion. We find in all periods of the scholastic ages ex- 
amples of this disposition of man to resist overstrained 
authority; the tendency being mostly, however, com- 
bined with a want of solid thought, and showing itself 
in extravagant pretensions and fantastical systems put 
forwards by the insurgents. We have pointed out one 
such opponent* of the established systems, even among 
the Arabian schoolmen, a more servile race than ever the 
Europeans were. We may here notice more especially 
an extraordinary character who appeared in the thirteenth 
century, and who may be considered as belonging to the 
Prelude of the Reform in Philosophy, although he had 
no share in the Reform itself. 

Raymond Ltdly . — Raymond Lully is perhaps tradi- 
tionally best known as an Alchemist, of which art he 
appears to have been a cultivator. But this was only 
one of the many imjmlses of a sj^irit ardently thirsty 
of knowledge and novelty. He hadf, in his youth, 
been a man of pleasure, but was driven by a sudden 
shock of feeling jto resolve on a comjdete change of life. 
He plunged into solitude, endeavoured to still the re- 
morse of his conscience by prayer and penance, and soon 
had his soul posse, ssed by visions Avhich he conceived 
were vouchsafed him. In the feeling of religious enthu- 
siasm thus excited, he resolved to devote his life to the 
diffusion of Christian truth among Heathens and Malio- 
medans. For thus purpose, at the age of thirty he betook 
himself to the study of Grammar, and of the Arabic 
language. He breathed earnest supplications for an 
illumination from above ; and these were answered by his 

* * Algazel. See Hist, Jnd, Sci,, i., 251, 

+ Tennkman, viii. 830. 
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receiving fi'om heRvea, as his admirers declare, his Ars 
Magna, hy whicli he was able without labour or effort to 
learn and apply all knowledge. The real state of the case 
is, that he put himself in opposition to the established 
systems, and propounded a New Art, from which he 
promised the most w'onderful results ; but that hi# Art 
really is merely a mode of combining ideal conceptions 
without any reference to real sources of knowledge, or any 
possibility of real advantage. In a Treatise addressed, in 
A.D. 1310, to King Philip of France, entitled Liber Larnen- 
tatimis Duodecim Prindpiornm PhilosopJiue contra Aver- 
roistafi, Lully introduces Philosophy, accompanied by her 
twelve Princi^es, (Matter, Form, Generation, &c.) uttering 
loud complaints against the prevailing system of doctrine ; 
and represents her as presenting to the king a petition 
that she may be upheld and restored by her favourite, the 
Authoi'. His Tabula GeneraUs ad omnes Scientia9 appli- 
cahilis was begun the 15th September, 1292, in the 
Harbour of Tunis, and finished in 1293, at Naples. In 
order to frame an Art of thus tabulating all existing 
sciences, arid indeed all 2 )ossible knowledge, he divides 
into various classes the conceptions with which he has to 
deal. The first class contains nine Absolute Conceptions : 
Oooduess, Greatness, Duration, Power, Wisdom, Will, 
Virtue, Truth, Majesty. The second class has nine Rela- 
tive Conceptions: Difference, Identity, Contrariety, Be- 
ginning, Middle, End, Majority, Equality, Minority. The 
third class contains nine Questions: Whether? What? 
Whence? Why? How great? How circumstanced? 
When? Where? and How? The fourth class contains 
the nine Most General Subjects : God, Angel, Heaven, 
Man, Imaginativitm^ Sensitivum, Vegetativurn, Elementa- 
livum, Iristrufnentativum. Then come nine Prcedicaments, 
nine Mord Qmlities, and so on. These conce\>tions are 

VOL. II. Y 
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arranged in the compartments of certain concentric move- 
able circles, and give various combinations by ifFeans of 
triangles and other figures, and thus propositions are con- 
strueted. 

It must be clear at once, that no real knowledge, 
whicfe is the union of facts and ideas, can result from 
this machinery for shifting about, joining and disjoining, 
empty conceptions. This, and all similar schemes go 
upon the supposition that the logical combinations of 
notions do of themselves compose knowledge ; and that 
really existing things may be arrived at by a successive 
system of derivation from our most general ideas. It is 
imagined that by distributing the nomenclatWe of abstract 
ideas according to the place which they can hold in our 
propositions, and by combining them according to certain 
conditions, -we may obtain formula} including all possible 
truths, and thus fabricate a science in which all sciences 
are contained. We thus obtain the means of talking and 
writing upon all subjects, without the trouble of thinking: 
the revolutions of the emblematical figures are substi- 
tuted for the operations of the mind. Both exertion of 
thought, and knowledge of facts, become superfluous. 
And this reflection, adds an- intelligent author*, explains 
the enormous number of books which Lully is said to 
have written; for he might have written those even 
during his sleep, by the aid of a moving power which 
should keep his machine in motion. Having once devised 
this invention for manufacturing science, Lully varied it 
in a thousand ways, and followed it into a variety of 
developments. Besides Synoptical Tables, he employs 
Genealogical Trees, which he dignifies with the name of 
the Tree of Science. The only requite for the applic®' 
tion of his System was a certain agreement in the num- 
bers of the classes into which different subjects were 

* Deoebando, iv. .'>.35. 
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distributed ; and as this symmetry does not really exist 
in the^perations of our thoughts, some violence was 
done to the natural distinction and subordination of con- 
ceptions, in order to fit them for the use of the System. 

Thus Lully, while he professed to teach an Art which 
was to shed new light upon every part of science, jras in 
fact employed in a pedantic and trifling repetition of 
known truths or truisms; and while he complained of 
the errors of existing methods, he proposed in their place 
one which was far more empty, barren, and worthless, 
than the customary processes of human thought. Yet 
his method is spoken of* with some praise by Leibnitz, 
who indeed%ther delighted in the region of ideas and 
words, than in the world of realities. But Francis Bacon 
speaks far otherwise and more justly on this subject f. 

“ It is not to be omitted that some men, swollen with 
emptiness rather than knowledge, have laboured to pro- 
duce a certain Method, not deserving the name of a 
legitimate Method, since it is rather a method of impos- 
ture: which yet is doubtless highly grateful to certain 
would-be philosophers. This method scatters about cer- 
tain little drops of science in such a manner that a smat- 
terer may make a perverse and ostentatious use of them 
with a certain show of learning. Such was the Art of 
Lully, which consisted of nothing but a mass and heap of 
the words of each science ; with the intention that he who 
can readily produce the words of any science shall be 
sup])osed to know the science itself. Such collections 
are like a rag shop, where you find a patch of everything, 
but nothing which is of any value.” 

Roger Bacon . — We now come to a philosopher of 
a very different c^acter, who was impelled to declare 
his dissent from the reigning philosophy by the abundance 
of his knowledge, and by his clear appreheilBion of the 

* Opera, y. 16. t ITorLf, vii. 296. 
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mode in which real knowledge had been acquired and 
must be increased. 

Roger Bacon Avas born in 1214, near Ilchestcr, in 
Somersetshire, of an old family. In his youth he was a 
student at Oxford, and made extraordinary progress in 
all branches of learning. lie then went to the Univer- 
sity of Paris, as w'as at that time the custom of learned 
Englishmen, and there received the degree of Doctor of 
Theology. At the persuasion of Robert Grostete, bishop 
of Lincoln, he entered the brotherhood of Franciscans in 
Oxford, and gave himself up to study with extraordinary 
fervour. He was termed by his brother monks Doctor 
Mirnbilis. We know from his own works, as well as from 
the traditions concerning him, that he possessed an inti- 
mate acquaintance with all the science of his time which 
could be acquired from books ; and that he had made 
many remarkable advances by means of his own experi- 
mental labours. He was acquainted Avith Arabic, as well 
as AA’ith the other languages common in his time. In the 
titles of his Avorks, we find the Avhole range of science 
and philosophy, Mathematics and Mechanics, Optics, 
Astronomy, Geography, Chronology, Chemistry, Magic, 
Music, Medicine, Grammar, Logic, Metaphysics, Ethics, 
and Theology; and judging from those which are pub- 
lished, these Avorks are full of sound and exact knowledge. 
He is, Avith good reason, supposed to have discovered, or 
to have had some knowledge of, several of the most 
remarkable inventions Avhich were made generally known 
soon afterAvards, as gunpoAvder, lenses, burning specula, 
telescopes, clocks, the correction of the calendar, and the 
explanation of the rainboAV. 

Thus possessing, in the acquirements and habits of 
his own mind, abundant examples of the nature ‘of know- 
ledge and <Jf the process of invention. Bacon felt also a 
deep interest in the groAvth and progress of science. 
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a spirit of inquiiy respecting the causes which produced 
or prevented its advance, and a fervent hope and trust 
in its future destinies ; and these feelings impelled him 
to speculate worthily and wisely respecting a reform of 
the method of philosophizing. The manuscripts of his 
works have existed for nearly six hundred years in many 
of the libraries of Europe, and especially in those of 
England ; and for a long period the very imperfect por- 
tions of them which were generally known, left the 
character and attainments of the author shrouded in a 
kind of mysterious obscurity. About a century ago, how- 
ever, his Opus Majus was published* by Dr. S. Jebb, 
])rincipally from a manuscript in the library of Trinity 
College, Dublin ; and this contained most or all of the 
separate works which were previously known to the 
public, along with others still more jjcculiar and charac- 
teristic. Wo are thus able to judge of Bacon’s knowledge 
and of his views, and they are in every way Avell worthy 
our attention. 

The Opus Majus is addressed to Pope Clement the 
Fourth, whom Bacon had knoAvn when he was legate in 
England as Cardinal-bishop of Sabina, and Avho admired 
the talents of the monk, and pitied him for the persecu- 
tions to which he was exposed. On his elevation to the 
papal chaii’, this account of Bacon’s labours and views 
was sent, at the earnest request of the pontiff. Besides 
the Opus Majus, he wrote two others, the Opus Minus 
and Opus Tertium ; which were also sent to the pope, as 
the author saysf, “ on account of the danger of roads, 
and the possible loss of the Avork.” These Avorks still 
exist unpublished, in the Cottonian and other libraries. 

" Fratria Roperi Bacon Ordinia Minorum Opus Majus ad, Cle- 
'oicntm, Quartum, Ponti/icem Jtomanum, ex MS. Cod'm Dublinienai 
aliia quibuadam collato nunc primum edidit S. Jebb, M.D. 
hontliui, 1733. t Opus Majua, Prsef. 
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The Opus Majus is a work equally wonderful with 
regard to itsigengral scheme, and to the special treatises 
with which the outlines of the plan are tilled up. I'he 
professed object of the work is to urge the necessity of a 
reform in the mode of philosophizing, to set forth the 
rea|ons why knowledge had not made a greater progress, to 
draw back attention to the sources of knowledge which liad 
been unwisely neglected, to discover other sources whicli 
were yet almost untouched, and to animate men in the 
undertaking, by a prospect ctf the vast advantages which 
it offered. In the development of this plan, all the lead- 
ing portions of science are expounded in the most com- 
^lete shape which they had at that time assumed ; and 
improvements of a very wide and striking kind are pro- 
posed in some of the principal of these de])artnieuts. 
Even if the w'ork had had no leading purpose, it would 
have been highly valuable as a treasure of tliq^ most solid 
knowledge and soundest speculations of the time ; oven 
if it had contained no such details, it would have boon a 
work most remarkable for its general view s and scope. 
It may be considered as, at the same tinici, the Enci/clo- 
pedia and the Novum Organon of the thirteenth century. 

Since this w'ork is thuf so important in the history 
of inductive pl^osophy I shall give, in a note, a view* of 

* Contents of Roger Bacon’s Opm Majus, 

Part I. On the four causes of human ignorance : — Authority, 
Custom, Popular Opinion, and the Pride of supposed 
Knowledge. 

Part II. On the source of ])erfect wisdom in the Sacred Scripture, 
Part III. On the Usefulness of Grammar. ' 

Part IT. On the Usefulness of Mathematics. ^ 

(1.) The necessity of Mathematics in Human Things (pnh* 
lished separately as the Specula Mathematica). 

(2.) The necessity of Mathematics in Divine Things. — 1°* 
This study hiti^ occupied holy men : 2°. Geography : 
3®. Chronology: 4®. Cycles; the Golden Number, 
&c. : 5°. Natural phenomena, as the Rainbow : ^ • 
Arithmetic : Music. 
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its divisions and contents. But I must, now endeavour 
to point out more especially the way in which the various 
principles, which thet reform of scientifie^nethod involved, 
are here brought into view. 

One of the first points to be noticed for this purpose, 
is the resistance to authority ; and at the stage of philo- 
gophical history with which we here have to do, this infeans 
resistance to the authority of Aristotle, as adojited and 
interpreted by the Doctors of the Schools. Bacon’s work* 
is divided into Six Parts ; and of these Parts, the First is. 
Of the four universal Causes of all Human Ignorance. 
The causes thus enumerated f are; — the force of unworthy 
authority ; — traditionary habit the imperfection of the 
undisciplined senses ; — and the disposition to conceal our 
ignorance and to make an ostentatious show of oiir know- 
ledge. These influences involve every man, occupy every 
condition. They prevent our obtaining the most useful 
and large and fair doctrines of wisdom, the secrets of all 
sciences and arts. Ho then proceeds to argue, from the 
testimony of philosophers themselves, that the authority 
of antiquity, mid especially of Aristotle, is not infallible. 
“We findj their books full of doubts, obscurities, and 
perplexities. They scarce agree with each other in one 

(3.) The Necessity of Matheniaties in Eklcsiastical Things. 
1^. The Certification of Faith: 2°. The Correction of 
the Calendar. 

(4.) The Necessity of Mathematics in the State.~^°. Of 
Climates: 2°. Hydro^rapliy : 3'^. Geography; 4®. 
Astrology. 

Part V. On Per^Jjietive (published separately as 

(1.) The ofp^ns of vision. 

(2.) Visio 4 ,i» straight lines. 

(3.) Vision reflected and refracted. 

(4.) De multiplicatione specieruin (on the propagation of 
the impressions of ii^t, heat^ &c.) 

Part VI. On Exp<»:imental Science, 

* Op. ilfa/., p. 1. t p. 2. 


t Ib., p. 10. 
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etapty question ©r one worthless sophism, or one operation 
-of SQjleace, as one ina;i agrees with anotlier in the practical 
. operations o^ med^ine, surgery, and iiie like arts of secu- 
, lar men. Indeed,” he adds, “ not only the philoso])hers, 
but 13fe siftints l«ve fallen into errors which they have 
afterwards retracted,” and this he instances in Augustin, 
Jerdliie, and others. He gi^s an admirable sketch of the 
progress of philosophy from the Ionic school to Aristotle ; 
whom he speaks of with great applause. “ Yet,” he adds* 
“ those who came after him corrected liim in some thino's. 
and added many things to his works, a^ shall go on 
adding to the end of the world.” Aristotle, he adds, is 
now calledspeculiarly t the Philosopher, “yet there was a 
.4irae when his philosophy was silent and unregarded, eithci' 
on acco(Mit of the rarity of copies of his AVOrks, or their 
difficulty, or from envy ; till after the time of Mahomet, 
when Avicenna and Avcrrocs, and others, recalled this 
philosophy into the full light of oxj)Osition. And althoiigli 
the Logic, and some other wojjjks were translated hy 
Bcethius from the Greek, yet the philosophy of Aristotle 
first received a quick increase among the<|^atins at the 
time of Michael Scot ; Avho, in tlie year of our Lord 
J1230, appeared, bringing .with him portions of the 
books of Aristotle on Natural Philosophy and Mathoma- 
tics. And yer^a small ' part only of the works of this 
author is translated, and a still smaller part is in the 
han(]^ of common students.” He adds further^ (in the 
•Tliird Part of the Opus Majus, which is a Dissertation on 
Language) that the translations wdiich are current of these 
Avritings, are very bad and imperfect. .^Wit^ these vicAVS, 
he is moved to express himself som^vhat impatiently^ 

* Op. Maj., p. 30. t Autonomatiue. Oji. Maj., j'. -ft). 

§ See Preff to Jebb’s editiotlK Tl»c passages there quoted, however, 
are not extracts from the Opus Majus, but (ajiparently) from the Op>u 
Minus (MS. Oott. Tib. c. 5.^ “Si ^berciii potestatein supra lihros 
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respecting these works: “ If I had,” he. %ays, “ power over 
the works of Aristotle, I would hafe them all bumt; for 
it is only a loss of Jlime to study in thMn, and a Course of 
error, and a mnltiplication of ignorance beyond expres- 
sion.” “ The common herd of student^’ he saysf^ with 
their heads, have no principle J>y which they can .be ex- 
cited to any worthy employment ; and hence they ihope 
and make asses of themselves over their bad translations, 
and lose their time, and trouble, and money.” 

The remedies which he recommends for these evils, 
are, in the %st place, the study of that jpnly perfect 
wisdom wdiich is to be found in the sacred Scripture*, 
in the next place, the study of mathematics and the use 
of experiment f. By the aid of these methods, Bacoft 
auiicipates the most splendid progress for huinafi know- 
ledge. He takes up the strain of hope and confidence 
which we have noticed as so peculiar in th6 Roman 
writers ; and quotes some of the ])assages of Seneca which 
wi> adduced in illustration of this : — that the attempts in 
science w'ere at first rude and. imperfect, and were after- 
wards impro^d ; — that the day will come, when what is 
still unknown shall bo brought to light by the progress of 
time and the labours of a longer period ; — that one age- 
does not suffice for inquiries so wide and various; — that the 
people of future times shall know many things unknown 
to us; — and the time shall arrive when posterity Avill 
wonder that we overlooked what was so obvious, i^acon 
Idmself adds anticipations more peculiarly in the spirit of 
Ins ow'ii time. “We have seen,” he says, at the end of 

Aristotelis, ego onines cromari ; quia non ost nisi temporis 

aiiiissio stndere in cause erroris, ot multiplicatio iVnorantife, ultra 

id quod valeat explicari Vulgiis studentuni cum capitibus suis 

non liabct unde excitetur ad aliquid dignuiu, et ideo laiiguct et asininat 
oirca male translata, et tempus et stilmuni aniittit in omnibus et ex- 

Part ii. - f Parts iv., v. vi», 
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the work, “ how Aristotle, by the ways which wisdom 
teaches, could give to Alexander the empire of the world. 
And this the Church ought to take»into consideration 
against the infidels and rebels, that there may be a sparing 
of Christian blood, and especially on account of the 
troubles that shall come tp pass in the days of Antichrist; 
which by tlie grace of God, it would be easy to obviate, 
if prelates and princes would encourage study, and join 
in searching out the secrets of nature and art." 

It may not be improper to observe here that this 
belief in tjje appointed [)rogress of knowledge, is not 
combined with any overweening belief in the unbounded 
and independent power of the human intellect. On the 
feontimry, one of the lessons which Bacon draws from the 
state and prospects of knowledge, is the duty of faith and 
humility. “To him,” he says*, “who denies the truth of 
the faith* because he is unable to understand it, I will 
propose in reply the course of nature, and as w^c have seen 
'it in examples.” And after giving some instances, he 
adds, “These, and the like, ouglit to move men and to 
excite them to the reception of divine truths. For if, in 
the' vilest objects of creation, truths are found, before 
which the inward pride of man must bow, and believe 
though it cannot undersold, how much more should man 
humble his mind before the glorious truths of God!” He 
had before said +: “ Man is incapable of perfect wisdom 
in thil life ; it is hard for him to ascend towards perfection, 
easy to glide downwards to falsehoods and vanities : let 
him then not boast of his wisdom, or extol his knowledge. 

(it 

What he knows is little and worthlesst^jn respect of that 
which he believes without knowing and still less, in 
respect of that which he is ignorant of. He is mad who 
thinks highly of his wisdupn ; he most mad, who exhibits 

o*' 


* gp. Maj., p. 476. 


t Ib., p. 15. 
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it as something to be wondered at.” Tie adds, as another 
reason for humility, that he has proved by trial, he could 
teach in one year, ^ a poor boy, the marrow of all that 
the most diligent person could acquire in forty years 
laborious and expensive study. 

To proceed somewhat more in detail with regard 
to Roger Bacon’s views of a Reform in Scientific inquiry, 
VC may observe that by making Mathematics and Experi- 
ment the tw.o great points of his recommendation, he di- 
rected his improvement to the two essential j^arts of all 
knowledge, ideas and Facts, and thus took- the course 
which the most enlightened philoso|)hy would have sug- 
gested. He did not urge the prosecution of experiment, 
to the comparative neglect of the existing mathematical 
sciences and conceptions ; a fault which there is some 
ground for ascribing to his groat namesake and successor 
Francis Bacon : still less did he content himself with a 
mere protest against the authority of the schools, and a 
vague demand for change, which was almost all that was 
(lone by those who put themselves forward as reformers 
ill the interihediate time. Roger Bacon holds his way 
steadily between tlie two poles of human knowdedge ; 
W'hich, as we have seen, it is far from easy to do. “ There 
are two modes of knowing,” says- he*; “ by argument, and 
by experiment. Argument concludes a question ; but it 
does not make us feel certain, or acquiesce in the con- 
templation of truth, except the truth be also founif^to bo 
so by experience.” It is not easy to express more deci- 
dedly the clearly seen union of exact conceptions with 
certain facts, whfhh, as we have explained, constitutes 
real knowledge. ** 

* Op. Map, p. 445, see also p. 448. “ Scientias all® sciunt sua 

prmcipia inveniro per experimenta, sd<l%onclusiones per ^rgumenta facta 

principiis inventis. Si ve«o debeant habere experientiam conclu- 
sionum suarum particularem et completam, tunc oportet j^uod habeant 
per adjutorium istius scienti® nobilis, (L‘X2>eriment!ilis.)*’ 
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One large division of the Opus Majus is “On the 
Usefulness of Mathematics,” which is shown by a copious 
enumeration of existing brandies of knowledge, as Chro- 
nology, Geography, the Calendar, and (in a separate Part) 
Optics. There is a chapter * “ in which it is proved by 
reason, that all science requires mathematics.” And tlie 
arguments which are used to establish this doctrine, show 
a most just appreciation of the office of mathematics in 
science. They are such as follows : — That other sciences 
use examples taken from mathematics as the most 
evident: — That mathematical knowledge is, as it were, 
innate in us, on Avhich point he refers to the well known 
dialogue of Plato, as quoted by ©icero That this science, 
being the easiest, offers the best introduction to the more 
difficult : — That in mathematics, things as known to us are 
identical with things as known to nature : — ^That we can 
here entirely avoid doubt and error, and obtain certainty 
and truth : — That mathematics is prior to other sciences 
in nature, because it takes cognizance of quantity, wliicli 
is apprehended by intuition, {intuitu inteUectus.) “More- 
over,” he adds,t “ there have been found famous men, as 
Robert, bishoi) of l iincoln, and Brother Adam Marshmaii, 
(de Marisco) and many others, who by the power of ma- 
thematics have been able to explain the causes of things; 
as may be seen in the writings of these men, for instance, 
concerning the Rainbow and Comets, and the generation 
of heat, and climates, and the celestial bodies.” 

But undoubtedly the most remarkable portion of the 
Opus Majxis is the Sixth and last Part, which is entitled 
“ De Scientia exi)erimentali.” It is indeed an extraordi- 
nary circumstance to find a writer of the thirteenth cen- 
tury, not only recognizing ex|)eriment as one source of 
knowledge, but urging its»claims as far more important 
than men had yet been aware, exemplifying its value by 


t p, 64. 
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striking? and just examples, and speaking of its authority 
with a dignity of diction which sounds like a foremunnur 
of the Baconian sentences uttered nearly four hundred 
years later. Yet this is the character of what we here 
find*. “ Experimental science, the sole mistress of specu- 
lative sciences, has three great Prerogatives among other 
parts of knowledge: First she tests by experiment the 
noblest conclusions of all other sciences : Next she dis- 
covers respecting the notions which other sciences deal 
witli, magnificent truths to which these sciences of them- 
selves can by no means attain : her Third dignity is, that 
she by her own power and without respect of other 
sciences, investigates the secrets of nature.” j 

The examples which Bacon gives of these “Prerogatives” 
are very curious, exhibiting, amojig some error and credu- 
lity, sound and clear views. His leading example of the First 
Prerogative, is the Rainbow, of which the cause, as giy^n by 
Aristotle, is tested by reference to experiment with a skill 
which is, even to us now, truly admirable. The examples of 
the Second Prerogative are three :—Jirst, the art of making 
an artificial sphere which shall move with the heavens by 
natural influences, which Bacon trusts may be done, 
though astronomy herself cannot do it — “ et tunc,” he 
says, “ thesaurum unius regis valerct hoc instrumentum 
— secondly, the art of prolonging life, which experiment 
may teach, though medicine has no means of securing it 
except by regimen f; — thirdly, the art of making gold finer 

* Yeritatis raagiiificas in terminis aliariini scientiarum in qiias per 
Mullam viam possunt ills9 scientia, hsec sola scientiarum domina specu- 
Jativarum, potest dare.” Op, Maj,^ p. 465. 

t One of the ingredients of a preparation here mentioned, is the 
flpsh of a dragon, which, it appears, is used as food by the Ethiopians, 
The mode of preparing this food cannot fail to amuse the reader, 
‘‘Where there are good flying 'dragons^ hy the art which they possess, 
they draw them out of their dens, and have bridles and saddles in 
readiness, and they ride upon them, and make them bound about in 
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than fine gold, which goes beyond the power of alchemy. 
The Third Prerogative of experimental science, arts inde- 
pendent of the received sciences, is exemplified in many 
curious examples, many of them whimsical traditions. 
Thus it is said that the character of a people may be 
altered by altering the air*. Alexandil^ii^ it seems, applied 
to Aristotle -to know whether he should exterminate 
certain nations which he had discovered, as being ine- 
clg.imably barbarous ; to which the philosopher replied, 
“ If you can alter their air, permit them to live, if not, 
put them to death.” In this part, we find the suggestion 
that the fire-Avorks made by children, of saltpetre, niiglit 
lead to tlj^e invention of a formidable military weapon. 

It could not be expected that Roger Bacon, at a time 
when experimental science hardly existed, could give any 
pi'ecepts for the discovery of truth by experiment. But 
nothing can be a better exam'ple of the method of such 
invei^gation, than his inquiry concerning the cause of the 
Rainbow. Neither Aristotle, nor Avicenna, nor Seneca, 
he says, have given us any clear knowledge of this matter, 
but experimental science can do so. Let the experimenter 
(experimentator) consider the cases in which he finds the 
same colours, as the hexagonal crystals from Ireland and 
India ; by looking into these he will see colours like these 
of the rainboAV. Many think that this arises from some 
special virtue of these stones and tli^ir hexagonal figure; 
let therefore the experimenter go on, and he will find the 
same in other transparent stones, in dark ones as well as 
in light coloured. He will find the same effect also in 
other forms than the hexagon, if they be furroAved in the 
surface, as the Irish crystals are. Let him consider too, 

the air in a Violent manner, that the hardness and toughness of the 
flesh may be reduced, as boars are hunt#d and bulls are baited before 
they are killed for eating.” Op. Maj.^ p. 470. 

II., p. 47 : 1 . 
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that he sees the same colours in the drops which are 
clashed from oars in the sunshine ; — and in the spray thrown 
by a mill wheel ; — and in the'dew drops which lie on the 
grass in a meadow on a summer morning ; — and if a man 
takes water in his mouth and projects it on one side into 
a sunbeam ; — and'^if in an oil lamp hanging in the air, the 
rays fall in certain positions upon the surface of the oil ; 
—and in many other ways, are colours produced. We 
have here a collection of instances, which are almost all 
examples of the same kind as the phenomenon under 
consideration ; and by the help of a principle collected 
by induction from these facts, the colours of the rainbow 
were afterwards really explained. 

With regard to the form and other circumstances of 
the bow he is still more precise. He bids us measure the 
height of the bow and of the sun, to show that the centre 
of the bow is exactly opposite to the sun. He exjplains 
the circular form of the bow, — its being indepenctlnt of 
the form of the cloud, its moving when we move, its flying 
when we follow,— by its consisting of the reflections from 
a vast number of minute drops. He does not, indeed, 
trace the course of the rays through the drop, or account 
for the precise magnitude which the bow assumes ; but 
he approaches to the verge of this part of the explanation ; 
and must be considered as having given a most happy 
example of experiiSental inquiry into nature, at a time 
when such examples were exceedingly scanty. In this 
respect, he was more fortunate than Francis Bacon, as we 
shall hereafter see. 

We know but little of the biography of Roger Bacon, 
but we have every reason to believe that his influence 
upon his age was not great. He was suspeetpd of magic, 
and is said to have bqpn put into close confinement in 
<^onsequence of this charge. In his work be speaks of 
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Astrology, as a science wel| ^orth cultivating. “ But,” 
says be, “Theologians and t)ecretists, not being learned 
in such matters, and seeing that evil as well as good may 
be done, negbct and abhor such things, and reckon them 
among Magi^Arts.” We have already seen, that at the 
very time' when Bacon was tj^ins raising his voice against 
the habit of blindly following authority, and seeking for 
all science in Aristotle, Thomas Aquinas was employed 
in4#&.shioning Aristotle’s tenets into that fixed form in 
which they became the great impediment to the progress 
of knowledge. It would seem, indeed, that something 
of a struggle between the progressive and stationary 
pdwers (^'the human mind was going on at this time 
Bacon himself says*, “Never was there so great an 
apirearance of wisdom, nor so much exercise of study in 
so many Faculties, in so many regions, as for this last 
forty Years. Doctors are dispersed everywhere, in every 
c^stl * in every burgh, and especially by the students of 
two Orders, (he means the Franciscans and Dominicans, 
who were almost the only religious orders that distin- 
guished themselves an application to studyf,) which 
has not happened except for about forty years. And yet 
there was never so much ignorance, so much error.” And 
in the part of his work which refers to Mathematics, he 
says of that study t, that it is the door and the key of 
the sciences ; and that the neglecF of it for thirty or 
forty years has entirely ruined the studies of the Latins. 
According to these statements, some change, disastrous 
to the fortunes of science, must have taken place about 
1230, soon after the foundation of the Dominican and 
Franciscan Orders^. Nor can we doubt that the adoption 

* Quoted by Jebb, Pr^. to Op, Maj. 
t Mosheim, Hist. iii. )61. . X Map, p. 57- 

§ Mosheim, iii. 101. 
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of the Aristotelian philosj^ihy by these two Orders, in 
tlio form in which the Angelical Doctor had systematized 
it, was one of the events which most tended to defer, for 
three centuries, the reform which Roger B|con urged as 
a matter of crying necessity in his own time? ’ 


Chapter VIII. 

THE REVIVAL OF PLATONISM. 

Causes of Delay in the Advance of Knowledge. — In 
the insight possessed by learned men into th(|^ method 
by which truth was to be discovered, the fourteenth 
and fifteenth centuries went backwards, rather than- 
forwards, from the point which had been reached in 
the tbirteeutli. Roger Bacon had urged them to have 
recourse to experiment ; but they returned with addi- 
tional and exclusive zeal to the more favourite employ- 
ment of reasoning upon their own conceptions. He had 
called upon them to look at the world .without ; but their 
eyes forthwith turned back upon tUfc world within. In 
the constant oscillation of the human mind between Ideas 
and Facts, after having for a moment touched the' latter, 
it seemed to swing back more impetuously to the former. 
Not only was the jdiilosophy of Aristotle firmly established 
for a considerable period, but when men began to ques- 
tion its authority, they attempted to set up in its place a 
philosophy still more purely ideal, that of Plato. It was 
not till the actual progress of experimental knowledge for 
some centuries had given it a vast accumulation of force, 
that it was able to break its way fully into the circle 
speculative science. The new Platonist schoolmen 
had to run their course, the practical discoverers had to 
prove their merit by their works, the Italian innovators 
VOL. H. Z 
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had to litter their aspiratiqni^for a change, before tlie 
second Bacon could truly declare that the time for a fun- 
damental reform was at length arrived. 

It cannot but seem strange, to any one who attempts 
to trace the general outline of the intellectual progress 
of man, and who considers him as under the guidance of 
a Providential sway, that he should thus be permitted to 
wander so long in a wilderness of intellectual darkness ; 
and even to turn back, by a perverse cajwicc as it might 
seem, when on the very border of the brighter and better 
land which was his destined inheritance. We do not 
attempt to solve this difficulty : but sucli a course of 
things n^urally suggests the thought, that a progress in 
physical science is not the main object of man’s career, in 
the eyes of the Power \\’ho directs the fortunes of cjiir 
race. We can easily conceive that it may have been 
nec^sary to man’s general welfare that he should con- 
tinue to turn his eyes inwards upon his own heart and 
faculties, till Law and Duty, Religion and Government, 
Faith and Hope, had been fully incorporated with all the 
past acquisitions of ^Jiuman intellect ; rather than that he 
should have rushed on into a train of discoveries tending 
to chaiii him to the objects and operations of the material 
world. TliO systematic Law* and philosophical Theolog)' 
which acquired their ascendancy in men’s minds at the 
time of which we speak, kept them engaged in a region of 
speculations Avhich perhaps prepared the way for a jn'O- 
founder and wider civilization, for a more elevated, and 
spiritual character, than might have been possible without 
such a preparation. The great Italian poet of the four- 
teenth century speaks with strong admiration of the 
founders of the system which prevailed in his time. 

* Gratiap published the Decretali in the twelfth century ; and tlio 
Canon and Civil Law became a regular study in the universities soon 
afterwards. 
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Thomas, Albert, Gratian, P^eter Lombardy occupy distin^ 
guished places in the Paradise. The first, who iS; the 
poet’s instructor, says, — » 

lo fill degll agnl della Santa grcggia 
Che Domenico mcna per cammino 
U'ljen s’impingua se i^pn si vaneggia. 

Questo che m’e a destra piu viciiio 
Frate e maestro fummi ; ed esso Alberto 
E di Cologna, cd io Tomas d* Aquino 

Quell’ altro fiammeggiar esce del riso 
De Grazian, die Tuno ct Taltro foro 
Ajutb si che place in Paradiso. 

I, th(3n, was of the lambs that Dominic 
Leads, for his saintly flock, along the way 
Where well they thrive not swoln with vanity^ 

He nearest on my right hand brother was 
And master to me ; Albert of Cologne 

Is this ; and of Aquinuin Thomas, I 

That next resplendence issues from the smile 
Of Gratian who to either forum lent 
Such help as favour wins in Paradise. 

It appears probable that neither poetry, nor painting, 
nor the other arts which require for their perfection a 
lofty and spiritualized imagination, would have appeared 
in the noble and beautiful forms which they assumed in 
the fourteenth and fifteenth century, if men of- genius 
had, at the beginning of that period, made it their main 
business to discover the laws of nature, and to reduce 
them to a rigorous scientific form. Yet who can doubt 
that the absence of these touching and impressive works 
would have left one of the best and purest parts of man’s 
nature without its due nutriment and development? 
It may perhaps he a necessary condition in the progress 
of man, that the Arts which aim at beauty reach their 
excellence before the Sciences which seek speculative 
truth: and if this be so, we inherit, from the middle 
^ges, treasures which may well reconcile us to the delay 

z 2 
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which took place in their cultivation of experimental 
seiei^e. 

However this may be, it is our business at present 
tp trace the circumstances of this very lingering advance. 
We have already noticed the contest of the Nominalists 
and Realists, which was one form, though, with regard to 
scientific methods, an unprofitable one, of the antithesis 
of Ideas and Things. Tliough, . therefore, this struggle 
continued, we need not dwell upon it. The Nominalists 
denied the real existence of Ideas, which doctrine was to 
a great extent implied in the prevailing systems ; but the 
controversy in which they thus engaged, did not lead 
them to seek for knowledge in a new field and by new 
methods. The arguments which Occam the Nominalist 
opposes to those of Duns Scotus the Realist, are marked 
with the stamp of the same system, and consist only in 
permutations and rjornbinations of the same elementary 
conceptions. It was not till the impulse of external cir- 
, cumstauces was added to the discontent, which the more 
stirring intellects felt towards the barren dogmatism of 
their age, that the activity of the human mind was again 
called into ful| play, and a new career of progression 
entered upon., till then undreamt of, except by a few 
prophetic spirits. 

Causes of Progress . — These circumstances were prin- 
cipally the revival of Greek and Roman literature, the 
invention of printing, the Protestant Reformation, and a 
great number of curious discoveries and inventions in 
the arts, which were soon succeeded by important steps 
in speculative physical science. Connected with the first 
of these events, was the rise of a party of learned men 
who expressed their dissatisfaction with the Aristotelian 
philosophy, as it was then taught, and manifested a 
strong preference for the views of Plato. It is by no 
means suitable to our plun to give a detailed account of 
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this new Platonic school ; but we may notice a few of 
the writers who belong to it, so far at least as to indicate 
its influence upon the Methods of pursuing science. 

In the fourteenth century*, the frequent intercourse 
of the most cultivated persons of the Eastern and West- 
ern Empire, the increased study of the Greek language 
in Italy, the intellectual activity of the Italian States, the 
discovery of manuscripts of the classical authors, were 
circumstances which excited or nourished a new and 
zealous study of the works of Greek and Roman genius. 
The genuine writings of the ancients, when presented in 
their native life and beauty, instead of being seen only in 
those lifeless fragments and dull transformations which 
the scholastic system had exhibited, excited an intense 
enthusiasm. Europe, at that period, might be repre- 
sented by Plato’s beautiful allegory, of a man who, aft^r 
being long kept in a dark cavern, in which his knowledge 
of the external world is gathered from the images wdjich 
stream through the chinks of his prison, is at last led 
forth into the full blaze of day. It was inevitable that 
such a change should animate men’s efforts and enlarge 
their faculties. Greek literature became more and more 
known, especially by the influence of learned men who 
came from Constantinople into Italy: tliese teachers, 
though they honoured Aristotle, reverenced Plato no 
less, and had never been accustomed to follow with 
servile submission' of thought either these or any other 
leaders. The effect of such influences soon reveals itself 
in the works of that period. Dante has woven into his 
Divina Comedia some of the ideas of Platonism. Petrarch» 
who had formed his mind by the study of Cicero, and 
had thus been inspired with a profound admiration for 
the literature of Greece, learnt Greek from Bai;laam, a 
monk who came as* ambassador from the Emperor of the 

* Tenneman, ix. 14. 
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East to the Pope, in 1339. With this instructor, the 
poet read the works of Plato ; struck by their beauty, 
he contributed, by his writings and his conversation, to 
awake in others an admiration and love for that philoso- 
pher, which soon became strongly and extensively pre- 
valent among the learned in Italy. 

Hermdam Barhams, Along with this Reeling 
there prevailed also, among those who had learnt to relish 
the genuine beauties of the Greek and Latin writers, a 
strong disgust for the barbarisms in which the scholastic 
philosophy was clothed. • Hermolaus Barbarus *, who 
was born in 1464, at Venice, ’and had formed his taste 
by the study of classical literature, translated, among 
other learned works, Themistius’s ])araphrastic* exposition 
of the Physics of Aristotle; with the view of trying 
whether the Aristotelian Natural Philosophy could not 
be presented in good Latin, which the scholastic teachers 
denied. In his Preface he expresses great indignation 
against those philosophers who have written and disputed 
on philosophical subjects in barbarous Latm, and in 
an uncultured style, so that all refined minds are 
repelled from these studies by weariness and disgust. 
They have, he says, by this barbarism, endeavoured to 
secure to themselves, in their own province, a supremacy 
without rivals or opponents. Hence |.hey maintain that 
mathematics, philosophy, jurisprudence, cannot be ex- 
pounded in correct Latin that be#een these sciences 
and the genuine Latin language there is a great gulf, as 
between things that cannot be brought together: and 
on this gyound they blame those who combine the study 
of philology and eloquence with that of science. This 
opinion, adds Hermolaus, perverts and ruins our studies; 
and is highly prejudicial and unworthy in respect to 
th^state. Hermolaus awoke in others, as for instance 

* Tennbman, IX. 25 , 
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in John Pious of Mirandula, the same dislike to the 
reigning school philosophjj^ As an opponent of the 
same kind, we may add Marius Nizolius of Bersallo, a 
scholar who carried his admiration of Cicero to an exaic- 
gerated extent, and who was led, by a %Ontroversy Avith 
the defenders of tho scholastic philosojjhy, to publish 
(1553) a work On the True Principles and True Method 
of Philosophizing. In the title of this work, lid professes 
to give “ the true principles of almost all arts and sciences, 
refuting and rejecting almost all the false principles of 
the Logicians and Metaphysicians.” But although, in the 
Avork, ho attacks the scholastic pliilosojdiy, lie docs little 
or nothing to justify the large pretensions of his title ; 
and he excited, it is said, little notice. It is therefore 
curious that Leibnitz should have thought it Avorth his 
while to re-edit this work, which he did in 1070, adding 
remarks of his oavu. 

Nicolaus Cusanus. — Without dAvelling ujion this ojipo- 
sition to tho scholastic system on the ground of taste, 
I sliall notice somcAvhat further those Avriters avIio put 
forwards Platonic views, as fitted to complete or to 
replace the doctrines of Aristotle. Among these, I may 
place Nicolaus Cusanus, so called from Cus,' a village 
on the Moselle, Avhere he Avas born in 1401 ; Avho Avas 
afterwards raised to the dignity of cardinal. We might, 
indeed, at first hi' tempted to include Cusanus among 
those persou^^who«|tere led to reject the old j)hilosophy 
by being themselves agents in the progressive movement 
of physical scienett. Ppr he published, before Copernicus, 
and independently of him, tho doctrine that tho earth is 
in motion*. But it should be recollected that in order 
to see the possibility of this doctrine, and its claims to 
acceptance, no new reference to observation was requisite. 

* ‘‘ Jam nobis manifestum e«t terrain istam’in voritate moveri/* &c, 

' — De Doetd IgrU>rmtld^ lib. ji* cap. 12. 
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The Heliocentric System was metrely a new mo;le of 
representing to the mind faStts with which all astronomers 
had long been familiar. The system might very easily 
have been embraced and inculcated by Plato himself ; as 
indeed it is said* to have been actually taught by Pytha- 
goras. The mere adoption of the Heliocentric view, 
therefor^^ without attdibpting to, realize the system in 
detail, as^opernicus did, canno^* entitle a writer of the 
fifteenth century to be looked upon as one of the authors 
of the discoveries of that period ; and we must consider 
Cusanus as a speculative anti-Aristotelian, rather than as 
a practical reformer. 

The title of Cusanus’s book, De Doctd Ignorantid, 
shows how far he was from agreeing with those who con- 
ceived that, in the works of Aristotle, they had a full and 
complete system of all human knowledge. At" the out- 
set of this book*, he says, after pointing out some diffi- 
culties in the received philosophy, “ If, therefore, the case 
be so, (as even the most profound Aristotle, iu his First 
Philosophy, affirms,) that in things most fe.nifest by 
nature, ^here is a difficulty, no less than for an owl to 
look at the sun ; since the appetite of knowledge is not 
implanted in us in vain, wo ought to desire to know that 
we are ignorant. If we can fully attain to this, Ave shall 
arrive at Instructed Ignorance^ IIow^ far he Avas from 
jdacing the source of knowledge in ex|iferience, as opposed 
to ideas, we may see in the folld^ng ^ssagef from 
another work of his. On Conjectures. “ Cot^jectures must 
proceed from our mind, as the-lre»l woSSd proceeds from 
the infinite Divine Reason. For since the Jiuman mind, 
the lofty likeness of God, participates, as it ^ay, in the 
fruitfulness of the creative natuae, it doth from itself, as 
the image of the Omnipotent Form, bring forth reason- 
able thoughts.. which have a similitude to real existences. 

* De Doct. Jjhor., lib. i. c. ' + fte Conjeclurts, I. i. c. .3, 4. 
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Thus the Human Maid exists as a conjectural form of 
the world, as the Divine Mt&d is its real form.” We 
have here the Platonic or ideal side of knowledge put 
prominently and exclusively forwards. ^ 

Marsilius Ficinus, Sfc . — -A person ‘Who had much 
more influence on the difiPusion of Platonism was Marsi- 
lius Ficinus, a physician of Florence. In that city there 
prevailed, at the time of which we speak, the greatest 
enthusiasm for Plato. George Gemistius Pletho, when 
in attendance upon the Council of Florence, had imparted 
to many persons the doctrines, of the Greek philosopher ; 
and, among others, had infused a lively interest on this 
subject into the elder Cosmo, the head of the family of 
the Medici. Cosmo formed the plan of founding a 
Platonic academy. Ficinus®, well instructed in the 
works of Plato, Plotinus, Prod ns, and other Platonists, 
was selected to further this object, and was employed in 
translating the works of these aiitliors into Ijatin. It is 
not to our present purpose to consider the doctrines of 
this school* except so fiir as they bear upon the nature 
and methods of knowfedge; and therefore I must jiass 
by, as I have in other instances done, the greater part of 
their speculations, which related to the nature of God, 
the immortality of the soul, the principles of Goodness 
and Beauty, and.pther points of the same order. The 
object of these ahcl other Platonists of this school, how- 
ever, was not^o ex^el the authority of Aristotle by that 
of Plato. M^^cy of them had come to the conviction 
that the highes#end9 of philosophy were to be reached 
only by bringing into accordance the doctrines of Plato 
and of Ar^otle. Of this opinion was John Picus, Count 
of Mirandula and Con«ordia ; and under this persuasion 
he employed the wdiole of his life in labouring upon a 
work, Oomw'did Platonis et Aristotelis, wRicli was not 

f Bom in^l433. 
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completed at the time of his death, in 1494; and has 
never been published, ^ut about a century later, 
another writer of the same school, Francis Patricias*, 
pointing out the discrepancies between the two Greek 
teachers, urged the propriety of deposing Aristotle from 
the supremacy he had so long enjoyed. “ Now all these 
doctrines, and others not a few,” he says f, “ since they 
are Plaf^hio doctrines, philosophically most true, and 
consonant with the Catholic faith, whilst the Aristotelian 
tenets are contrary to the faith, and philosophically false, 
who will not, both as a‘ Christian and a philosopher, 
prefer Plato to Aristotle? And why should not here- 
after, in all the colleges and monasteries of Europe, the 
reading mid study of Plato be introduced ? Why should 
not the philosophy of Aristotle be forthwith exiled from 
such places? Why must men continue to drink the 
mortal poison of impiety from that source?” with much 
more in the same strain. 

The Platonic school, of which wo have spoken, had, 
however, reached its highest point of prosiifefity before 
this time, and was already declining. About 1500, the 
Platonists appeared to triumph over the Peripatetics j: ; 
but the death of their great patron. Cardinal Bessarion, 
about this time, and we may add, the hollowness of their 
system in many points, and its want of fitness for the 
wants and expectations of the age, tuiiied men’s thoughts 
partly back to the established Aristotelian ^octrines, and 
partly forwards to schemes of bolder and fresher promise. 

Francis Patricias. — Patricip, of wlatom we have just 
spoken, was one of those who had arrived at the convic- 
tion that the formation of a new philosop^, and not 
merely the restoration of an old one, waa ^eded. In 

1593, appeared his Nova de Universis Philosophia ; and 
« 

* Bom 1529, di*d 1597. + AriitoteUa Exoteriem, p. 50. 

X Tiraboscqi, t. vii. part ii. p. 411. 
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the mode in which it begins* can hardly fail to remind 
us of the expressions which Francis Bacon soon after- 
wards used in the opening of a work of the same nature. 
“ Francis Patricius, being about to found anew the true 
philosophy of the universe, dared to begirt by announcing 
the following indisputable principles.” Here, however, 
the resemblance between Patricius and true inductive 
philosophers ends, Plis principles are barren'''d piiori 
axioms; and his system has one main element. Light, 
{Lus, or Lumen,) to which all operations of nature are 
referred. In general cultivation, and practical knowdedgo 
of nature, he was distinguished among his contemporaries. 
In various passages of his works he relates f observations 
which he had made in the course of his travels, in Cyprus, 
Corfu, Spain, the mountains of the Modenese, and Dal- 
matia, which was his own country ; his observations relate 
to light, the saltness of the sea, its flux and reflux, and 
other points of astronomy, meteorology, and natural his- 
tory. He speaks of the sex of plants rejects judicial 
astrology ; *and notices the astronomical systems of Co- 
pernicus, Tycho, Fracastoro, and Tonre. But the mode in 
which he speaks of experiments proves, what indeed is 
evident from the general scheme of his system, that he 
had- no due appreciation of the place which observation 
must hold in real patural philosophy. 

Pkm, Agrippa, Sfc . — It had been seen in the later 

Franciscus Patricius, novam veram iiitegram de universis condi- 
tiirus philosophianij^^equentiqi^pti vcrissinia proenuntiare est ausus. 
Prsenunciata ordine persecutus, divinis oraculis, geometricis rationibus, 
clarissimisque experimentis comprobavit. 

IS. Ante primum nihil, 

Post pfimum omnia, 

A priiicipio omnia,” &c. 

His other works are Panmipa^ Panco$mia^ Dmertatiotm Peripatetics* 
t T1RA.BOSOHI, t: vii. part ii. p. 41 1. ^ . 

:j: Dmert, Peripatet,, t. ii* Ub. y* sub fin. 
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philosophical history of Greece, how readily the ideas of 
the Platonic school lead on to a system of unfathomable 
and unbounded mysticism. John Picus, of Mirandula* 
added to the study of Plato and the Neoplatonists, a mass 
of allegorical interpretations of the Scriptures, and the 
dreams of the Cabbala, a Jewish systemf, which pretends 
to explain how all things are an emanation of the Deity. 
To this iiis nephew, Francis Picus, added a reference to 
inward illumination:!:, by which knowledge is obtained, 
independently of the progress of reasoning. John 
Reuchlin, or Capnio, born 1455 ; John Baptist Helmont, 
born 1577 ; Francis Mercurius Helmont, born 1618, 
and others, succeeded John Picus in his admiration of the 
Cabbala: while others, ns Jacob Boehmen, rested upon 
internal revelations like Francis Picus. And thus we 
have a series of mystical w'riters, continued into modern 
times, Avho may be considered as the successors of the 
Platonic school ; and wdio all exhibit views altogether 
erroneous with regard to the nature and origin of know- 
ledge. Among the various dreams of this school are certain 
wide and loose analogies of terrestrial and spiritual things. 
TIjus in the writings of Cornelius Agrij)pa (who was born 
1487, at Cologne) we have such systems as thefolIowing|: 
— “ Since there is a threefold wwld, elemental, celestial, 
and intellectual, and each lower one is governed by that 
above it, and receives the influence of its powers : so that 
the very Archetype and Supreme Author transfuses the 
virtues of his omnipotence into us through angels, 
heavens, stars, elements, aninltals, plaflts, stones, — into 
us, I say, for whose service he has framed and created all 
these things ; — the Magi do not think it irrational that 
wo should be able, to ascend by the same degrees, the 

same worlds, to this Archetype of the world, the Author 

• 

* Tenneman, IK, 148. t Il/,y 167. t 158. 

§ Agrippa, De Occult. Fhil.y lib. i. c. J.. * 
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and First Cause of all, of whom all things are, and from 
whom they proceed ; and should not only avail ourselves 
of those powers which exist in the nobler works of crea- 
tion, but also should be able to attract other powers, and 
add them to these.” 

Agrippa’s work, De Vanitate Scientiarmn, may be said 
rather to have a sceptical and.jgynical, than a platonic, 
character. It is a declamation*, in a melancholy mood, 
against the condition of the sciences in his time. His 
indignation at the worldly success of men whom he con- 
sidered inferior to himself, had, he says, metamorphosed 
him into a dog, as- the poets relate of Hecuba of Troy, 
so that his impulse was to snarl and bark. His professed 
purpose, however, was to expose the dogmatism, the 
servility, the self-conceit, and the neglect of religious 
truth which prevailed in the reigning Scliools of philo- 
sophy. His views of the nature of science, and the 
modes of improving its cultivation, are too imperfect and 
vague to allow us to rank him among the reformers of 
science. 

Paracelsus, Fluid, Sfc . — ^Tlie celebrated Paracelsus f 
put himself forwards as a reformer in philosophy, and 
obtained no small number of adlierents. He was, in 

ft 

most respects, a shallow and impudent pretender; and 
had small knowledge of the literature or science of his 
time: but by the tone of his speaking and writing he 
manifestly belongs to the mystical school of which we are 
now speaking. Perhaps by the boldness with which he 
proposed new systems, an^ by connecting these with the 
practical doctrines of medicine, he contributed something 
to the introduction of a new philosophy. Wo have seen 
in the History of Chemistry that he was the author of 

* Written in 1526. 

t Philip Aurelius Theophrastus Bomhastus von HoRcnheiin, .also 
called Paraceisvs Eremita, born* at Einsicdlen in Switzerland, in 14i)3. 
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the system of Three Principles, (salt, sulphur, and iner- 
cuiy,) which replaced the ancient doctrine of Four Ele- 
ments, and prepared the way for a true science of che- 
mistry. But the salt, sulphur, and mercury of Paracelsus 
were not, he tells his disciples, the visible bodies which 
we call by those names, but certain invisible, astral, or 
sidereal elements. Th%^stral salt is the basis of the 
solidity and incombustible parts in bodies; the astral 
sulphur is the source of combustion and vegetation ; the 
astral mercury is the origin of fluidity and volatility. And 
again, these three elements are analogous to the three 
elements of man, — Body, Spirit, and Soul. 

A writer of our own country, belonging to this mysti- 
cal school, is Robert Fludd, or De Fluctibus, who was 
born in 1571, in Kent, and after pursuing his studies at 
Oxford, travelled for several years. Of all the Theoso- 
phists and Mystics, he is by much the most learned ; and 
was engaged in various controversies with Mersenne, 
Gassendi, Kepler, and others. He thus brings us in 
contact with the next class of philosophers whom we have 
to consider, the practical refonners of philosophy ; — those 
who furthered the cause of science by making, promul- 
gating or defending the great discoverij^ which now 
began to occupy men. He adopted the principle, which 
we have noticed elsewhere*, of the analogy of the Macro- 
cosm and Microcosm, the world of nature and the world 
of man. His system contains such a mixture and con- 
fusion of physical and metaphysical doctrines as might be 
expected from his ground plan, and from his school. 
Indeed his object, the general object of mystical specula- 
tors, is to identify physical with spiritual truths. Yet the 
influence of the practical experimental philosophy which 
was now gaining ground in the world may be traced in 
him. Thrft he refers to experiments on distillation to 

* B. ix. c. 2. s, 1. The Mystical School of Biology. 
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prove the existence and relation of the regions of -water, 
air, and fire, and of the spirits which correspond to them ; 
and is conceived, by some persons*, to have Anticipated 
Torricelli in the invention of the Barometer. 

We need no further follow the speculations of this 
school. We see already abundant reason why the reform 
of the methods of pursuing sefence could not proceed 
from the Platonists. Instead of seeking knowledge by 
experiment, they immersed themselves deeper than even 
the Aristotelians had done in traditionary lore, or turned 
their eyes inwards in search of an internal illumination. 
Some attempts were made to remedy the defects of phi- 
losophy by a recourse to the doetrjjaes of other sects of 
antiquity, when men began to feel more distinctly the 
need of a more connected and solid knowledge of nature 
than the established system gave them. Among these 
al^tempts were those of Berigardf, Magernus, and espe- 
cially Gassendi, to bring into repute the philosophy of 
the Ionian school, of Democritus and of Epicurus. But 
these endeavours were posterior in time to the new im- 
pulse given to knowledge by Copernicus, Kepler, and 
Galileo, and were influenced by views arising out of the 
success of those discoveries, and they must, therefore, be 
considered hereafter. In the mean time, some inde- 
pendent efforts (arising from speculative rather than 
practical reformers) were made to cast oft’ the yoke of the 
Aristotelian dogmatism, and to ap})rehend the true form 
of that new philosophy which the most active and hope- 
ful minds .saw to be needed ; and -we must give some 
account of these attempts, before we can commit bur- 
selves to the full stream of progressive philosophy. 

* Tenneman, ix. 221 . t li ., 265. 
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Chapter IX. 

THE THEORETICAL REFORMERS OF SCIENCE. 

»5P 

We have already seen that Patricius, about the middle 
of the sixteenth century, announced his purpose of found- 
ing anew the whole fabric of philosophy; but that, in 
executing this plan, he rih into wide and baseless hypo- 
theses, suggested by « primi conceptions rather than by 
external observation ; and that he was further misled by 
fanciful- analogies resembling those which the Platonic 
mystics loved to contemplate. The same time, and the 
period which followed it, produced several other essays 
which were of the same nature, with the exception of 
their being free from the peculiar tendencies of the 
Platonic school : and these insurrections against the 
authority of the established dogmas, although they did not 
directly substitute a bettor positive system in the place of 
that which they assailed, shook the authority of the Aris- 
totelian system, and led to its overthrow; which took 
place as soon as these theoretical were aided by other 
practical reformers. 

Bernardinus Telcsius. — Italy, always, in modern times, 
fertile in the beginnings of new systems, wa« the soil on 
which these innovators arose. The earliest and most 
conspicuous of them is Bernardinus Tclesius, who was 
born in 1508, at Cosenza, in the kingdom of Naples. 
His studies, carried on Avith great zeal and ability, first at 
Milan and then at Rome, made him well acquainted with 
the knowledge of his times ; but his own reflections con- 
vinced him that the basis of science, as then received, was 
altogether erroneous ; and led him to attempt a reform, 
with which view, in 1565, he published, at Rome, his 
work*, Bernardimis Telesius, of Cosenza, on the Nature 

* Bebnakdini Telesii Consbntini De Berutn Natura jitucta p'o- 
jn'ia PrinctjiAa. 
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of Things, mm'ding to ‘principles of his own." In the 
preface of this work he gives a short account^ of the 
train of reflection by which he ,^as led to put lumself in 
opposition to the Aristotelian philosophy. This kind of 
autobiography occurs not unfrequently in the writings of 
theoretical reformers ; and shows how livelily they felt the 
novelty of their undertaking. After the storm and sack 
of Rome in 1527, Telesius retired to Padua, as a peaceful 
seat of the muses ; and there studied philosophy and ma- 
thematics, with great zeal, under the direction of Jerom 
Amalthieus and Frederic Delphinus. In these studies he 
made great progress ; and the knowledge which he thus 
ac<iuired threw a new light upon his view of the Aristote- 
lian philosophy. He undertook a closer examination of the 
Physical Doctrines of Aristotle ; and as the result of this, 
he was astonished how it could have been possible that so 
many excellent men, so many nations, and even almost the 
whole human race, should, for so long a time, have allowed 
themselves to bo carried away by a blind reverence for a 
teacher, who had committed errors so numerous and grave 
as he perceived to exist in “the philosopher.” Along with 
this view of the insufficiency of the Aristotelian philoso- 
phy, arose, at»an early period, the thought of erecting a 
better system in its place. With this purpose he left 
Padua, when he had received the degree of Doctor, and 
went to Rome, where he was encouraged in his design by 
the approval and friendly exhortations of distinguished 
men of letters, amongst whom were Ubaldino Bandinelli 
and Giovanni della Casa. From Rome he went to his 
native place, when the incidents and occupations of a 
married life for a while interrupted his philosophical pro- 
ject. But after his wife was dead, and his eldest son 

* I take this account from Tenncman : this Proem was omitted in 
subsequent editions of Telesius, and is not in the one which I have 
consulted. Tenneman, Getch. d. Phil., ix. 280. 

VOL. II. 2 A 
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grown to manhood, he resumed with ardour the scheme 
of his ; again studied the works of Aristotle and 
other philosophers, and composed and jjublished the two 
first books of his treatise. The opening to this work 
sufficiently exhibits the spirit in which it was conceived. 
Its object is stated in the title to be to show, that “ the 
construction of the world, the magnitude and nature of 
the bodies contained in it, are not to be investigated by 
reasoning, which was done by the ancients, but are to be 
apprehended by the senses, and collected from the things 
themselves.” And the Proem is in the same strain. 
“ Tliey who before us have inquired concerning the con- 
struction of this world and of the things which it contains, 
seem indeed to have prosecuted their examination with 
protracted vigils and great labour, but never to have looked 
at it."' And thus, he observes, they found nothing but 
error. This ho ascribes to their presumption. “ For, as 
it were, attempting to rival God in wisdom, and venturing 
to seek for the principles and causes of the world by the 
light of their own reason, and thinking they had found 
what they had only invented, they made an arbitrary 
world of their own.” “ We then,” he adds, “not relying 
on ourselves, and of a duller intellect than they, propose 
to ourselves to turn our regards to the world itself and 
its parts.” 

The execution of the work, however, by no means 
corresponds to the announcement. The doctrines of 
Aristotle are indeed attacked; and the objections to 
these, and to other received opinions, form a large part of 
the work. But these objections are supported by a priori 
reasoning, and not by experiments^ And thus, rejecting 
the Aristotelian physics, he proposes a system at least 
equally ba^peless; although, no doubt, grateful to the 
author from its sweeping and apparently simple character. 
He assumes three principles, Heat, Cold, and Matter: 
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Heat is the principle of motion, Cold of immobility, and 
Matter is the corporeal substratum, in which these incor- 
poreal and active principles produce their effects. It is 
easy to imagine that, by combining and separating these 
abstractions in various ways, a sort of account of many 
natural phenomena may be given ; but it is impossible to 
ascribe any real value to such a system. The merit of 
Telesius must be considered to consist in his rejection of 
the Aristotelian errors, in his perception of the necessity 
of a reform in the method of philosophizing, and in his 
persuasion that this refonn must be founded on experi- 
ments rather than on reasoning. When he said*, “ We 
propose to ourselves to turn our eyes to the world itself, 
and its parts, their passions, actions, operations and spe- 
cies,” his view of the course to be followed was righ ; 
but his purpose remained but ill fulfilled, by the arbitrary 
edifice of abstract conceptions which his system exhibits. 

Bacon, who, about half a century later, treated the 
subject of a reform of philosophy in a far more penetrating 
and masterly maimer, has given us his judgment of Tele- 
sius. In his view, he considers Telesius as the restorer 
of the Atomic philosophy, which Democritus and’ Parme- 
nides taught among the ancients ; and according to his 
custom, he presents an image of this philosophy in an 
adaptation of a portion of ancient mythology f. The 
Celestial Cupid, who, with Coelus, was the parent of the 
Gods and of the Universe, is exhibited ns a representation 
of matter and its properties, according to the Democritean 
philosophy. “Concerning Telesius,” says Bacon, “we 
think well, and acknowledge him as a lover of truth, a 
useful contributor to science, an amender of some tenets, 

* Proem. 

t “ De Principlis atque, Originlbus sectindum fahlilas Cupidinis et 
Coeli : give Parmenidis et Telcaii ct prtecipue Demoenti Philosophia 
tractata in Fabula do Cupidino.” 


2 A 2 
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the first of recent men. . But we have to do with him as 
the restorer of the philosophy of Parmenides, to whom 
much reverence is due.” With regard to this philosophy, 
he pronounces a judgment which very truly expresses the 
cause of its rashness and emptiness. “It is,” he says, 
“such a system* as naturally proceeds from the intellect, 
abandoned to its own impulse, and not rising from 
experience to theory continuously and successively.” 
Accordingly, he says that, “ Telesius, although learned in 
the Peripatetic philosophy (if that were anything), which, 
indeed, he has turned against the teachers of it, is hindered 
by his affirmations, and is more successful in destroying 
than in building.” 

The work of Telesius excited no small notice, and 
was placed in the Indeja En'purgatorms. It made many 
disciples, a consequence probably due to its spirit of 
system-making, no less than to its promise of reform, nr 
its acuteness of argument; fw till trial and reflection 
have taught man modesty and moderation, ho can never 
be content to receive knowledge in the small successive 
instalments in which nature gives it forth to him. Jt is 
the makers of large systems, arranged with an appearance 
of completeness and symmetry, who, principally, give rise 
to Schools of philosophy. 

{Tho7nas Campmiella.) — Accordingly, Telesius may l)e 
looked upon as the founder of a School. His most dis- 
tinguished successor was Thomas Campanella, who was 
born in 1568, at Stilo, in Calabria. He showed grc-at 
talents at an early age, prosecuting his studies at Cosenza, 
the birth-place of the great opponent of Aristotle and 
reformer of philosophy. He, too, has given us an 

* Talia sunfc qualia possimt esse ea quae ab intellect u sibi per- 
misso, nee ab experimentis continenter et gradatim sublcvato, profocta 
videntur.” • 
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account* of the course of tliought by which he was led 
to become an innovator. “ Being afraid that not genuine 
truth, but falsehood in the place of truth, was the tenant 
of the Peripatetic School, I examined all the Greek, 
Latin, and Arabic commentators of Aristotle, and hesi- 
tated more and more, as I sought to learn whether what 
they have said were also to be read in the world itself, 
which I had been taught by learned men was the living 
book of God. And as my doctors could not satisfy my 
scruples, I resolved to read all the books of Plato, Pliny, 
Galen, the Stoics, and the Democriteans, and especially 
those of Telesius ; and to compare them with that first 
and original writing, the world; that thus from the 
primary autograph, I might learn if the coj)ies contained 
anything false.” Campanella probably refers here to an 
cxjiression of Plato, who says, “the world is God’s epistle 
to mankind.” And this image, of the natural world as 
an original manuscript, while human systems of philoso- 
l)hy arc but copies, and may be false ones, became a 
favourite thought of the reformers, and appears repeatedly 
in their writings from this time. “ When I held my 
public disputation at Cosenza,” Campanella })rt)ceeds, 
“ and still more, when I conversed privately with the 
brethren of the monastery, I found little satisfaction in 
their answers ; but Telesius delighted me, on account of 
his freedom in philosophizing, and because he rested upon 
tlie nature of things, and not upon the assertions of men.” 

With these views and feelings, it is not Avonderful 
that Campanella, at the early age of tw'enty-two ( 1690 ,) 
published a work remarkable for the bold promise of its 
title : “ Thomas Campanella! s Philosophy demonstrated to 
the senses, against those who have philosophized in a arbi- 
trary and dogmatical manner, not taking nature foi' their 
guide; in which the errors of Aristotle and Ms followers 

■* Thom. Campanella de LibrU propriis, as quoted in Tennejian, 
ix. 291. 
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are refuted from their own assertions and the laws of 
natwre ; and all the imaginations feigned in the place of 
nature hy the Peripatetks are altogether rejected; vnth a 
true defence of Bemardin Tdesiusof Cosenza, the greatest of 
philosophers ; confirmed by the opinions of the ancients, here 
elucidated and defended, especially those of the Platonis'ts.” 

This work was written in answer to a book against 
Telesius by a Neapolitan professor named Marta; and 
it was the toast of the young author that he had only 
employed eleven months in the composition of his 
defence, while his adversary had been engaged eleven 
years in preparing his attack. Campanella found a 
favourable reception in the house of* the Marchese La- 
velli, and there employed himself in the composition 
of an additional work, entitled On the Sense of Things 
and Magic, and in other literary labours. Tliese, Jiow- 
ever, are full of the indications of an enthusiastic tem- 
per, inclined to mystical devotion, and of opinions 
bearing the cast of pantheism. For instance, the title of 
the book last quoted sets forth as demonstrated in the 
course of the work, that “ the world is the living and 
intelligent statue of God ; and that all its parts, and 
particles of parts, are endowed some with a clearer, some 
with a more obscure sense, such as suffices for the pre- 
servation of each and of the whole.” Besides these 
opinions, which could not fail to make him obnoxious to 
the religious authorities, Campanella* engaged in schemes 
of political revolution, which involved him in danger and 
calamity. He took part in a conspiracy, of which the 
object was to cast off the tyranny of Spain, and to make 
Calabria a reiniblic. This design was discovered ; and 
Campanella, along with others, was thrown into prison 
and subjected to torture. He was kept in confinement 
twenty-sevSn years; and at last obtained his liberation 

* Economisti Italiani, tom. i. p. xxxiii. 
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by the interposition of Pope Urban VIII. He was, 
however, still in clanger from the Neapolitan Inquisition; 
and escaped in disguise to Paris, where he received a 
pension from the king, and lived in intercourse with the 
most eminent men of letters. He died there in 1039. 

Campanella was a contemporary of Francis Bacon, 
whom we must consider as belonging to an epoch to 
which the Calabrian school of innovators was only a 
prelude. I shall not thei’efore further follow the con- 
nexion of writers of this order. Tobias Adami, a Saxon 
writer, an admirer of Campanella’s works, employed him- 
self, about 1020, in adapting them to the German public, 
and in recommending them strongly to German philoso- 
phers. Descartes, and even Bacon, may be considered as 
successors of Campanella ; for they too were theoretical 
reformers ; but they enjoyed the advantage of the light 
which had, in the mean time, been thrown upon the 
jdiilosophy of science, by the great practical advances of 
Kepler, Galileo, and others. To these practical reformers 
we must soon turn our attention ; but we may first notice 
one or two additional circumstances belonging to our 
present subject. 

Campanella remarks that both the Peripatetics and 
tliQ Platonists conducted the learner to knowledge by a 
long and circuitous path, which he wished to shorten by 
setting out from the sense. Without speaking of the 
methods which ho proposed, we may notice one maxim* 
of considerable value which he projjounds, and to wdiich 
we have already been led. “We begin to reason from 
sensible objects, and definition is the end and epilogue of 
science. It is not the begining of our knowing, but only 
of our teaching.” 

{Andrew Ccesalpinus .) — The same maxim had already 
been announced by Cjesalpinus, a contemporary of Tele- 
sius ; (ho was born at Arezzo in 1520, and died at Rome 

* Tenneman, ix. 305. 
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in 1603.) Ccesalpinus is a great name in science, tliougli 
professedly an Aristotelian. It has been seen in the 
History of Science*, that he^ formed the first great 
epoch of the science of botany by his systematic arrange- 
ment of plants, and that in this task he had no successor 
for nearly a century. He also approached near to the 
great discovery of the circulation of the blood f. He 
takes a view of science which includes the remark that 
we have just quoted from Campanella : “We reach per- 
fect knowledge by three steps : Induction, Division, De- 
finition. By Induction, we collect likeness and agreement 
from observation ; by Division, we collect unlikeness and 
disagreement; by Definition, we learn the proper sub- 
stance of each object. Induction makes universals from 
particulars, and offers to the mind all intelligible matter; 
Division discovers the difference of universals, and leads 
to species ; Definition resolves species into their princij)les 
and elements :j:.” Without asserting this to be rigorously 
correct, it is incomparably more true and philosophical 
than the opposite view, which represents definition as the 
beginning of our knowledge ; and tlie establishment of 
such a doctrine is a material step in inductive 2 >hilosophy 
{Gioi'dmio Brimo .) — ^Among the Italian innovators of 
this time we must notice the unfortunate Giordano Brujio, 
who was born at Nola about 1650, and burnt at Rome 
in 1600. lie is, however, a reformer of a different school 
from Campanella; for he derives his philosoidiy from 
Jdeas and not from Observation. He represents himself 
as the author of a new doctrine, which he terms the Nolan 
Philosophy. He was a zealous promulgator and defender 
of the Copernican system of the universe, as we have 
noticed in the History of Science ||. Campanella also 
wrote in defence of that system. 

* Hist, Ind, Sci.y iii. 280. t II,.^ iii. 306. 

t Queest. Peripatetiew, i. 1. § Tenneman, ix. 108. 

II HUt. Ind. Sci.^ i. 304. 
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It is worthy of remark that a thought which is often 
quoted from Francis Bacon, occurs in Bruno’s Cena di 
Cenere, published in 1584; I mean, the notion that the 
later times are more aged than the earlier. In the course 
of the dialogue, the Pedant, who is one of the interlocu- 
tors, says, “ In antiquity is wisdom to which the Philo- 
sophical Character replies, “ If you knew what you were 
talking about, you would see that your principle leads to 
the opposite result of that which you wish to infer; — I 
mean, that we are older, and have lived longer, than our 
predecessors.” He then proceeds to apply this, by tracing 
the course of astronomy through the earlier astronomers 
up to Copernicus. 

[Peter Ramus .) — I will notice one other reformer of 
this period, who attacked the Aristotelian system on 
another side, on which it was considered to bo most 
impregnable. This was Peter Ramus, (born in Picardy 
in 1515,) who ventured to denounce the Logic of Aris- 
totle as unphilosophical and useless. After showing an 
extraordinary aptitude for the acquirement of knowledge 
in his youth, when he proceeded to the degree of Master 
of Arts, he astonished his examiners by choosing for the 
subject of the requisite disputation the thesis*, “ that all 
which Aristotle has said is not true.” This position, so 
startling in 1535, ho defended for the w'hole day, without 
being defeated. This was, however, only a formal acade- 
mical exercise, Avhich did not necessarily imply any per- 
manent conviction of the opinion thus expressed. But 
his mind was really labouring to detect and remedy the 
errors wdiich he thus proclaimed. From him, as from 
the other reformers of this time, we have an account of 
this mental struggle f. He says, in a work on this sub- 
ject, “I will candidly and simply explain how I was 

* Tenneman, ix. 420. 
t Eami, Animadversionea Aristotelicoe^ i. iv. 
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delivered from the darkness of Aristotle. When, accord- 
ing to the laws of our university, I had spent three years 
and a half in tho Aristotelian philosophy, and was now 
invested with the philosophical laurel as a Master of 
Arts, I took an acconnt of the time which I had consumed 
in this study ; and considered on what subjects I should 
employ this logical art of Aristotle, which I had learnt 
with so much labour and noise. I found it made me not 
more versed in history or antiquities, more eloquent in 
discourse, more ready in verse, more wise in any subject. 
Alas for me ! how was I overpowered, how deeply did I 
groan, how did I deplore my lot and my nature, how did 
I deem myself to be by some unhappy and dismal fate 
and frame of mind abhorrent from tho Muses, wlien I 
found that I was one who, after all my pains, could reap 
no benefit from that wisdom of which I heard so much, 
as being contained in tho Logic of Aristotle.” He then 
relates, that he was led to the study of tho Dialogues of 
Plato, and was dfelightod with the kind of analysis of tlie 
subjects discussed which Socrates is there represented as 
executing. “Well,” he adds, “I began thus to reflect 
within myself — (I should have thought it impious to say 
it to another^— "What, I pray you, prevents me from 
socratizing ; and from asking, without regard to Aris- 
totle’s authority, wdiether Aristotle’s Logic bo true and 
correct ? It may be that that philosopher leads us wrong ; 
and if so, no wonder that I cannot find in his books the 
treasure which is not there. What if his dogmas he 
more figments? Do I not tease and torment myself in 
vain, trying to get a harvest from a barren soil ?” Ho 
convinced himself that the Aristotelian logic w'as worth- 
less : and constructed a new system of Logie, founded 
mainly on the Platonic process of exhausting a subject by 
analytical classification of its })art8. Both works, his Ani- 
madversions on Aristotle, and his Logic, appeared in 1543. 
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The learned world was startled and shocked to find a young 
man, on his first entrance into life, condemning as faulty, 
fallacious, and useless, that part of Aristotle’s works which 
had always hitherto been held as a masterpiece of philo- 
sophical acuteness, and as the Organon of scientific rea- 
soning. And in truth, it must bo granted that Bamus 
does not appear to have understood the real nature and 
object of Aristotle’s Logic ; while his own system could 
not supply the place of the old one, and was not of much 
real value. This dissent from the established doctrines 
was, however, not only condemned but punished. The 
printing and selling of his books was forbidden through 
France ; and Ramus was stigmatized by a sentence* which 
declared him rash, arrogant, impudent, and ignorant, and 
prohibited from teaching logic and philosophy. lie was, 
however, afterwards restored to the office of professor: 
and though much attacked, persisted in his ]>lau of re- 
forming, not only Logic but Physics and Metaphysics, 
lie made his position still more dangerous by adopting the 
reformed religion ; and during the unhai)i)y civil wars of 
France, he was deprived of his professorship, driven from 
Paris, and had his library plundered. He endeavoured, 
but in vain, to engage a German professor, Schegk, to 
undertake the reform of the Aristotelian Physics ; a por- 
tion of knowledge in which ho felt himself not to bo 
strong. Unhappily for himself, ho afterwards returned 
to Paris, whore he perished in the massacre of St. Bar- 
tholomew in 1572. 

Ramus’s main objection to the Aristotelian Logic is, 
that it is not the image of the natural process of thought ; 
an objection which shows little philoso])hical iiisight ; for 
the course by which we obtain knowledge may well differ 
from the order in which our knowledge, when obtained, 
is exhibited. Wo have already seen that Rhmus’s con- 
temporaries, CsDSalpinus and Campanella, had a wiser 
* See Hut. Ind. Sci., i. 327. 
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view ; placing definition as the last step in knowing, but 
the first in teaching. But the effect which Ramus pro- 
duced Avas by no means slight. He aided powerfully in 
turning the minds of men to question the authority of 
Aristotle on all points ; and had many followers, espe- 
cially among the Protestants. Among the rest, Milton, 
our great poet, published “Artis Logica) plenior Insti- 
tutio ad Petri Rami methodum concinnata but this work, 
appearing in 1672, belongs to- a succeeding period. 

(77/6’ Reformers in general .) — It is impossible not to be 
struck with the scries of misfortunes which assailed the 
reformers of philosophy of the period we have had to 
revicAv. Roger Bacon was repeatedly condemned and im- 
prisoned ; and, not to speak of others who suffered under 
the imputation of magical arts, Telesius is said* to have 
been driven from Naples to his native city by calumny 
and envy ; Caesalpinus AA-as accused of atheism f ; Camjia- 
nella Avas imprisoned for twenty-seven years and tortured ; 
Giordano Bruno Was burnt at Rome as a heretic ; Ramus 
was persecuted during his life, and finally murdered by 
his jrersonal enemy Jacques Charpentier, in a massacre of 
Avhich the plea Avas religion. It is true, that for the 
most part these misfortunes were not principally due to 
the attempts at philosophical reform, but were connected 
rather with politics or religion. But wo cannot doubt 
that the spirit which led men to assail the received philo- 
sophy, might readily incline them to reject some tenets 
of the established religion ; since the boundary line of 
these subjects is difficult to draw. And as we have 
seen, there Avas in most of the persons of whom we have 
spoken, not only a well-founded persuasion of the de- 
fects of existing systems, but an eager spirit of change, 
and a sanguine anticipation of some wide and lofty phi- 
losophy, wliich was soon to elevate the minds and con- 
ditions of men. The most unfortunate were, for the most 

* Tenneman, ix. 200, t Ib. ix. 108. 
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the least temperate and judicious reformers. Patri- 
cius, who, as we have seen, declared himself against the 
Aristotelian philosophy, lived and died at Rome in peace 
and himour*. 

{MelancMhon .) — It is not easy to point out witli pre- 
cision the connexion between the efforts at a Reform in 
Philosophy, and the great Reformation of Religion in the 
sixteenth century. The disposition to assort (practically 
at least) a freedom of thinking, and to reject the 'corrup- 
tions which tradition had introduced and authority main- 
tained, naturally extended its influence from one subject 
to another ; and especially in subjects so nearly connected 
as theology and philosophy. Tlie Protestants, however, 
did not reject the Aristotelian system ; tliey only reformed 
it, by going back to the original works of the author, 
and by reducing it to a conformity with Scripture. In 
this reform, Melanchthon was the chief author, and wrote 
works on Logic, Physics, Morals, and Metaphysics, which 
were used among Protestants. On the subject of the 
origin of our knowledge, his views contained a very ]ihi- 
losophical improvement of the Aristotelian doctrines. 
Ho recognized the importance of Ideas, as well as of 
Experience. “We could not,” he saysf, “proceed to 
reason at all, except there were by nature innate in man 
certain fixed points, that is, principles of science ; — as 
Number, the recognition of Order and Proportion, logi- 
cal, geometrical, physical and moral Principles. Physical 
principles are such as these, — everything which exists 
proceeds from a cause,--r-a body cannot be in two places 
at once, — time is a continued series of things or of mo- 
tions, — and the like.” It is not difficult to see that such 
Principles partake of the nature of the Fundamental 
Ideas which we have attempted to arrange and enume- 
rate in a previous part of this work. * 

* Trnneman, i.x. 246. 

t Meianchthon, De Aninia, p. 207, quoted in Tenneman, ix. 121. 
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Before wo proceed to the next chapter, which treats 
of the Practical Reformers of Scientific Method, let us 
for an instant look at the strong persuasion that the 
time of a philosophical revolution was at hand, implied 
in the titles of the works of this period. Telesius pub- 
lished De Rcrum Naturajuxta propria prindpia ; Francis 
Helmont, Philosophia vxdgaris refutata; Patricius, Norn 
de Univci'sis Philosophia ; Campanella, Philosophia sensibtis 
demonstrata, adversus eiTores Aristotelis : Bruno professed 
himself the author of a Nolan Philosophy', and Ramus 
of a New Logic. The age announced itself pregnant ; 
and the eyes of all who took an interest in the intellectual 
fortunes of the race, were looking eagerly for the expected 
offspring. 


Chafer X. 

THE PRACTICAL REFORMERS OF SCIENCE. 

Character of the Practical Refm'mers. — We now come 
to a class of speculators who had perhaps a greater share 
in bringing about the change from stationary to progres- 
sive knowledge, than those writers who so loudly an- 
nottiiced the revolution. The mode in which the philoso- 
phers of whom we now speak produced their impressions 
on men’s minds, was very different from the procedure of 
the theoretical reformers. What these talked of, they did ; 
what these promised, ^ey performed. While the theo- 
rists concerning knowledge proclaimed that great advances 
were to be made, the practical discoverers went steadily 
forwards. W^hile one class spoke of a complete Reform 
of scientific Methods, the other, boasting little, and often 
thinking little of Method, proved the novelty of their 
instrument by obtaining new results. While the meta- 
physicians were exhorting men to consult experience and 
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the senses, the physicists were examining nature by such 
means with unparalleled success. And while the former, 
oven when they did for a moment refer to facts, soon rushed 
back into their own region of ideas, and tried at once to 
seize the widest generalizations, the latter, fastening their 
attention upon the phenomena, and trying to reduce them 
to laws, were carried forwards by steps measured and 
gradual, such as no conjectural view of scientific method 
li'ad suggested ; but leading to truths as profound and 
comprehensive as any which conjecture had dared tO 
anticipate. The theoretical reformers were bold, self- 
confident, hasty, contemptuous of antiquity, ambitious of 
ruling all future speculations, as they whom they sought 
to depose had ruled the past. The practical reformers 
were cautious, modest, slow, despising no knowledge, 
whether borrowed from tradition or observation, confident 
in the ultimate triumph of science, but impressed with 
the conviction that each single person could contribute 
a littlo only to its progress. Yet though thus working 
rather than speculating, — dealing with particulars more 
than with generals, — employed mainly in adding to know- 
ledge, and not in defining what knowledge is, or how 
additions are to be made to it, — these men, thoughtful, 
curious, and of comprehensive minds, were constantly led 
to important views on the nature and methods of scionce. 
And these views, thus suggested by reflections on their 
own mental activity, were gradually incorporated with 
the more abstract doctrines of the metaphysicians, and 
had a most important iql^uencc in i^jttablishing an improved 
philosophy of science. The indications of such views we 
must now endeavour to collect from the writings of the 
discoverers of the times preceding the seventeenth cen- 
tury. 

Some of the earliest of these indication^ aye to be 
found in those who dealt with Art rather than with Science. 
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I have already endeavoured to show that the advance of 
the arts which give us a command over tlie powers of 
nature, is generally prior to the formation of exact and 
speculative knowledge concerning those powers. But 
Art, which is thus the predecessor of Science, is, among 
nations of acute and active intellects, usually its parent, 
There operates, in such .a cases, a speculative spirit, lead- 
ing men to seek for the reasons of that which th4y find 
.thcn|selves able to do. How slowly, and wit# Wh?it 
*#e^eated deviations men follow this leading, wli^%ndcr 
the influence of a partial and dogmatical phi#sophy, the 
late birth an'd slow growth of sound physical theory shows. 
But at the period of which we now speak, we find Tuen, 
at length, proceeding in obedience to the impulse which 
thus drives them from practice to theory ; — from an ac- 
quaintance with phenomena to a free and intelligent 
inquiry concerning their cai^es, 

Leonardo da Vinci . — I *liave already noticed, in the 
^History of Science, that the Indistinctness of Ideas, 
which w'as long one main impediment to the progress of 
science in the middle ages, Avas first remedied among 
architects and engineei’s. These men, s6 far at least as 
meehyiqJalldeas yere concerned, were copjpelled by their 
emjpldynfi^pts to jhdge rightly of the relations and proper- 
tles^ of*4he materials with which they had to deal; and 

", ^ ''v * 

*{ibuld. have been chastjfeed* by the failure df their works, 
if they had violatcd-dlig laws of ^mechanical truth. It 
was not worTdft^ul, therefore, that these laws became 
known to them first^ We seen, in the History, 

thafLe^ardo da Vinci, tJie tfel^rated painter, who was 
al^‘an-en^neer,f^the fi^lfwril^r in whom we find the 
true view ot fhe %ws of equilibrium^ of the lever in the 
ipQSt geiieraf case, ^his artist, a man of a lively and 
liscursiv® mind, is icd to make some remarks* on the 

* Ills works have never been published^ and exist in manuscript m 
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formation of our knowledge, which may show the opinions 
on that subject that already offered themselves at the 
beginning of the sixteenth century*. lie expresses 
himself as follows : — ” Theory is the general, Experiments 
are the soldiers. The interpreter of the artifices of 
nature is Experience : she is never deceived. Our judg- 
ment sometimes is deceived, because it expects effects 
which Experience refuses to allow.” And again, “ We 
must consult Experience, and vary the circumstances till 
we have drawn from them general rules ; for it is "Sh^. 
who furnishes true rules. But of what use, you ask, atie^ 
these rules ? I reply, that they direct us in the researches 
of nature and the operations of art. They prevent our 
imposing upon ourselves and others, by promising our- 
selves results which we cannot obtain.” 

“ In the study of the sciences which depend on mathe- 
matics, those who do not consult nature but authors, a^Q 
not the children of natur# they are only her grand-' 
children. She is the true teacher of men of geniivs; 
But see the absurdity of men ! They turn up their noses 
at a man who prefers to learn from nature herself rather' 
than from authors who are only her clerks.” 

In another place, in reference to a particular case^h^ 
says, “Nature*b«gins 4rom the ReasoUi and ends T« 'Ex- 
perience ; but for all that, we must take the oppoglfce. 
course; begim from tho Experiment andf'try to discovor,: 
the Reason.” 

Leonardo was born forty-six years Jbiefore Telesiug j 
yet we have here an estijuate of ^e value of experience^" 
far more just and subi^ntial them the Calabrian s&liool 
ever reached. The expressions contiyfted in the above 
extracts, are well worthy our rt^ice; — 'that* eStperieitce is 

tho library of the Institute afr Paris. „ Some extracts were published 
hy Venturi, Euai *ur let Omra^et de LeonaM da Vinci. ‘Poris, 17?7* 

* Leonardo died in 1520, at the age of 78. 
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never deceived ;^that we inust vary our eEperilneiits, 
and draw from them general rules -that nature is the 
original source of knowledge, and books only a derivative 
substitute ; — with the lively image of the sons and grand- 
sons of nature. Some of these assertions have been 
deemed, and not without reason, very similar to those 
made by Bacon a century later. Yet it Is probable that 
the import of such expressions, in Leonardo’s mind, was 
less clear and definite than that which they acquired by 
the progress of sound philosophy. When he says that 
theory is the general and experiments the soldiers, he 
probably meant that theory directs men wliat experiments 
to make ; and had not in his mind the notion of a theo- 
retical Idea ordering and brigading the Facts. When lie 
says that Exjierience is the interpreter of Nature, we may 
recollect, that in a more correct use of this image, Expe- 
rience and Nature are the writing, and the Jntellect of 
man the interpreter. We may add, that the clear ajipre- 
hension of the importance of Exjjerience led, in this as in 
other cases, to an unjust depreciation of the value of what 
science owed to books. Leonardo would have made little 
progress, if ho had attemjited to master a complex science, 
ns^nomy for instance, by means of observation alone, 
without, the aid of books. 

But in spite of such criticism, Leonardo’s maxims 
show extraordinary sagacity and insight ; and they ajipear 
to us the more remarkable, when we find how rare such 
views are for a century after his time. 

Copernicus . — For we by no means find, even in those 
practical discoverers to whom, (n reality, the revolution 
in* science, and Consequently in the philosophy of science, 
was due, this prompt and vigorous recognition of the 
supreme authority of observation as a ground of belief; 
this bold estimate of the probable worthlessness of tradi- 
tional knowledge ; and this plain assertion of the reality 
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of theory founded upon experience. Among such dis- 
coverers, Copernicus must ever hold a most distinguished 
place. The heliocentric theory of the universe, established 
by him with vast labour and deep knowledge, was, for the 
succeeding century, the field of discipline and exertion 
of all the most active speculative minds. Men, during 
that time, proved their freedom of thought, their hopeful 
spirit, and their comprehensive view, by adopting, incul- 
cating, and following out the philosophy which this theory 
suggested. But in the first promulgation of the theory, 
in the works of Copernicus himself, we find a far more 
cautious and reserved temper. He does not, indeed, give 
up the reality of his theory, but he expresses himself so 
as to avoid shocking those who might (as some afterwards 
did) thiuk it safe to speak of it as an hypothesis rather 
than a truth. In his preface addressed to the Pope*, 
after speal^ng of the difficulties in the old and received 
doctrines, by which he was led to his own theory, he 
says, “ Hence I began to think of the mobility of the 
earth ; and although the opinion seemed absurd, yet be- 
cause I knew that to others before me this liberty had 
been conceded, of imagining any kinds of circles in order 
to explain the phenomena of the stars, I thought it would 
also be readily granted me, that I might try whetUer, by 
supposing the earth to be in motion, I might not arrive 
at a better explanation than theirs, of the revolutions of 
the celestial orbs.” Nor does he anywhere assert that 
the seeming absurdity had become a certain truth, or 
betray aiiy feeling of triumph ov«i’ the mistaken belief 
of his predecessors. And, as I have elsewhere shown, 
his disciples f indignantly and justly defended him from 
the charge of disrespect towards Ptolemy and other an- 
cient astronomers. Yet Copernicus is far from compro- 
mising the value or evidence of the great traths which 
* Paul III., in 1543. t Hut. Ind. Sel, i. 375. 

2 B 2 
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he introduced to general acceptance ; and from sinking 
in his exposition of his discoveries below the temper 
which had led to them. His quotation from Ptolemy, 
that “ He who is to follow philosophy must be a freeman 
in mind,” is a grand and noble maxim, which it well 
became him to utter. 

Falfiidus. — In another of the great discoverers of this 
period, though employed on a very different subject, we 
discern much of the same temper. Fabricius of Acqua- 
pendente*, the tutor and forerunner of our Harvey, and 
one of that illustrious series of Paduan professors who were 
the fathers of anatomy f, exhibits something of the same 
respect for antiquity, in the midst of his original specula- 
tions. Thus in a dissertation On the Action of the 
Joints, he quotes Aristotle’s Mechanical Problems to 
prove that in all animal motion there must be some 
quiescent fulcrum ; and finds merit oven in Aristotle’s 
ignorance. “Aristotle,” he says “did not know that 
motion was produced by the muscle ; and after staggering 
about from one supposition to another, at last is com- 
pelled by the facts themselves to recur to an innate s]»irit, 
which, he conceives, is contracted, and which pulls and 
pushes. And here we cannot help admiring the genius 
of Aristotle, who, though ignorant of the muscle, invents 
something wdiich produces nearly the same effect as tlie 
muscle, namely, contraction and pulling.” He then, 
with great acuteness, points out the distinction between 
Aristotle’s opinions, thus favourably interpreted, and 
those of^ Galen. In all this, we see something of the 
wish to find all truths in the writings of the ancients, 
but nothing which materially interferes with freedom of 
inquiry. The anatomists have in all ages and countries 
been practically employed in seeking knowledge from 

* Born 1537, died 1619. t Hitt. Tnd. Sci, iii. 396. 

J Fabbicius, De Motu Loculi, p. 182. § P. 199. 
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observation. Facts liafe ever been to them a subject of 
careful and profitable study; while the ideas which enter 
into the wider truths of the science, are, as we have seen, 
even still involved in obscurity, doubt, and contest. 

Maurolycm . — Francis Maurolycus of Messana, whose 
mathematical works were published in 1575, was one of 
the great improvers of the science of optics in his time. 
In hjs Preface to his Treatise on the Spheres, he speaks 
of previous writers on the same subject; and observes 
that as they have not superseded one another, they have 
not rendered it unfit* for any one to treat the subject 
afresh. “Yet,” he says, “ it is impossible to amend the 
errors of all who have preceded us. This would be a task 
too hard for Atlas, although ho supports the heavens. 
Even Copernicus is tolerated, who makes the sun to be 
fixed, and the earth to move round it in a circle ; and 
who is more worthy of a whip or a scourge than of a 
refutation.” The matliematicians and astronomers of that 
time were not the persons most sensible of the progress 
of physical knoAvledge, for the bases of their science, and 
a great part of its substance, were contained in the 
writings of the ancients; and till the time of Kepler, 
Ptolemy’s work Avas, very justly, looked upon as includ- 
ing all that was essential in the science. 

Benedetti. — But the writers on Mechanics were 
naturally led to present themselves as innovators and 
experimenters; for all that the ancients had taught con- 
cerning the doctrine of motion was erroneous; while 
those who sought their knoAvledge from experiment, 
were constantly led to ncAV truths. John Bajitist Bene- 
detti, a Venetian nobleman, in 1599, published his 
Speedationum Liber, containing, among other matter, a 
treatise on Mechanics, in which several of the Aristo- 
telian errors were refuted. In the Preface to this 
Treatise, he says, “ Many authors have written much, 
and with great ability, on Mechanics ; but since nature is 
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constantly bringing to light something either new, or 
before unnoticed, I too wished to put forth a few things 
hitherto unattempted, or not sufficiently explained.” In 
the doctrine of motion he distinctly and at some lengtli 
condemns and argues against all the Aristotelian doctrines 
concerning motion, weight, and many other fundamental 
principles of physics. Benedetti is also an adherent of 
the Copernican doctrine. Ho ’states* the enormous 
velocity which the heavenly bodies must have, if the 
earth be the centre of their motions ; and adds, “ which 
difficulty does not occur according to the beautiful theory 
of the Samian Aristarchus, expounded in a divine man- 
ner by Nicolas Copernicus ; against which the reasons 
alleged by Aristotle are of no weight.” Benedetti 
throughout shows no want of the courage or ability which 
were needed in order to rise in opposition against the 
dogmas of the Peripatetics. He does not, however, refer 
to experiment in a very direct manner; indeed most of 
the facts on which the elementary truths of mechanics 
rest, were known and admitted by the Aristotelians ; and 
therefore could not be adduced as novelties. On the con- 
trary, he begins with a priori maxims, which experieitce 
would not have confirmed. “ Since,” he saysf, “ we have 
undertaken the task of proving that Aristotle is wrong in 
his opinions concerning motion, there are certain absolute 
truths, the objects of the intellect known of themselves, 
which we must lay down in the first place.” And then, 
as an example of these truths, he states this : “ Any two 
bodies of equal size and figure, but of different materials, 
will have their natural velocities in the same proportion 
as their weights where by their natural velocities, he 
means the velocities with which they naturally fall down- 
wards. 

Gilbert . — ^The greatest of these practical refomers 
of science is our countryman, William Gilbert ; if. 

^ Speetdationum Liher^ p. 19/5. f P. 169. 
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indeed, in virtue of the clear views of the prospects 
which were then opening to science, and of the methods 
by which her future progress was to be secured, while 
he exemplified those views by physical discoveries, he 
do not rather deserve the still higher praise of being 
at the same time a theoretical and a practical reformer. 
Gilbert’s physical researches and speculations were em- 
ployed principally upon subjects on which the ancients 
had known little or nothing; and on which therefore it 
could not be doubtful whether tradition or observation 
was the source of knowledge. Such was magnetism ; for 
the ancients were barely acquainted with the attractive 
property of the magnet. Its polarity, including repulsion 
as well as attraction, its direction towards the north, its 
limited variation from this direction, its declination from 
the horizontal position, were all modern discoveries. 
Gilbert’s work* on the magnet and on the magnetism of 
the earth, appeared in 1600 ; and in this, he repeatedly 
maintains the superiority of experimental knowledge over 
the physical philosophy of the ancients. His preface 
opens thus : “ Since in making discoveries and searching 
out the hidden causes of things, stronger reasons are 
obtained from trustworthy experiments and demonstrable 
arguments, than from probable conjectures and the dog- 
mas of those who philosophize in the usual manner,” he 
has, he says, “endeavoured to proceed from common 
magnetical experiments to the inward constitution of the 
earth.” As I have stated in the History of Magnetism f, 
Gilbert’s work contains all the fundamental facts of that 
science, so fully stated, that we have, at this day, little to 
add to them. He is not, however, by the advance which 

* GuiiiSLMi Gilbebti, Colcettriemis, Medici ZondinmsU, De Mag~ 
nete, Magnetici»qm Corporilus, et de Mapno MagneCo Tpllure, Phyeio- 
icyia Nova, plurimis et Argumentis et Experimentk deiiiomtrata. 

t Biet, Ind, Sci., iii. 46. 
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he thus made, led to depreciate the ancients, but only to 
claim for himself the same liberty of philosophizing which 
they had enjoyed*. “To those ancient and first parents 
of philosophy, Aristotle, Theophrastus, Ptolemy, Hippo- 
crates, Galen, be all due honour ; from them it was that 
the stream of wisdom has been derived down to posterity. 
But our age has discovered and brought to light many 
things which they, if they were yet alive, would gladly 
embrace. Wherefore we also shall not hesitate to ex- 
pound, by probable hypotheses, those things which by 
long experience we have ascertained.” 

In this work the author not only adopts the Copemican 
doctrine of the earth’s motion, but speaksf of the con- 
trary supposition as utterly absurd, founding his argu- 
ment mainly on the vast velocities which such a suppo- 
sition requires us to ascribe to the celestial bodies. Dr. 
Gilbert was physician to Queen Elizabeth and to Janies 
the First, and died in 1603. Sometime after his death 
the executors of his brother published another work of 
his, De Mundo nostro Sublunari Philosophia Nova, in which 
similar views are still more comprehensively presented. 
In this he says, “The two lords of philosophy, Aristotle 
and Galen, are held in worship like gods, and rule the 
schools; — the former by some destiny obtained a sway 
and influence among philosophers, like that of his pupil 
Alexander among the kings of the earth ; — Galen, with 
like success, holds' his triumph among the physicians of 
Europe.” This comparison of Aristotle to Alexander 
was also taken hold of by Bacon. Nor is Gilbert an 
unworthy precursor of Bacon in the view he gives of the 
History of Science, which occupies the first three chap- 
ters of his Philosophy. He traces this history from “ the 
simplicity and ignorance of the ancients,” through “ the 
fabrication of the fable of the four elements,” to Aristotle 

* Pref. De Magnete, lib. vi. c. 3, 4. 
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and Galeii. He mentions with due disapproval the host 
of commentators which succeeded, the alchemists, the 
“ shipwreck of science in the deluge of the Goths,” and 
the revival of letters and genius in the time of “ our 
grandfathers.” “ This later age,” he says, “ has exploded 
the Barbarians, and restored the Greeks and Latins to 
their pristine grace and honour. It remains, that if they 
have written aught in error, this should be remedied by 
better and more productive processes {frugiferis institn- 
tis,) not to be contemned for their novelty ; (for nothing 
which is true is really new, but is perfect from eternity, 
though to weak man it maybe unknown ;) and that thus 
Philosoijhy may bear her fruit.” The reader of Bacon 
will not fail to recognize, in these references to “fruit- 
bearing” knowledge, a similarity of expression with tho 
Novum Organon. 

Bacon does not appear to me to have done justice to 
his contemporary. He nowhere recognises in the labours 
of Gilbert a community of purpose and spirit with his 
own. On the other hand, he casts up5n him a reflection 
which he by no means deserves. In the Advancement of 
Learning*, he says, “ Another error is, that men have 
used to infect their meditations, opinions, and doctrines, 
with some conceits which tliey have most admired, or 
some sciences to which they have most ajjplied ; and 
given all things else a tincture according to them, uttefly 

untrue and unproper So have the alchemists made a 

philosophy out of a few ex])eriments of the furnace ; 
and Gilbertus, our countryman, hath made a philosophy 
out of the observations of a loadstone,” (in the Latin, 
philosophiam etiam e magnete elicuit.) And in the same 
manner he mentions him in the Novum Organon^, as 
affording an example of an empirical kind of philosophy, 
which appears to those daily conversant with’the experi- 

* Book i. + Book i. A 2 )horism 64 . 
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ments, |)robable, but to other persons incredible and 
empty. But instead of blaming Gilbert for disturbing 
and narrowing science by a too constant reference to 
magnetical rules, we might rather censure Bacon, for not 
seeing how important in all natural philosophy are those 
laws of attrition and repulsion of which magnetical phe- 
nomena are the most obvious illustration. We may find 
ground for such a judgment in another passage in which 
Bacon speaks of Gilbert. In the Second Book* of the 
Novum Organon, having classified motions, he gives, as 
one kind, what he calls, in his figurative language, motion 
for gain, or motion of need, by which a body shuns hete- 
rogeneous, and seeks cognate bodies. And he adds, 
“ The Electrical operation, concerning which Gilbert and 
others since him have made up such a wonderful story, 
is nothing else than the appetite of a body, which, excited 
by friction, does not well tolerate the air, and prefers 
another tangible body if it bo found near.” Bacon’s 
notion of an appetite in the body is certainly much less 
philosophical than Gilbert’s, wdio speaks of light bodies 
as drawn towards amber by certain material radii f; and 
wo might perhaps venture to say that Bacon here mani- 
fests a want of clear mechanical ideas. Bacon, too, 
showed his inferior aptitude for physical I’esoarch in 
rejecting the Copernicau doctrine which Gilbert adopted. 
In the Advancement of LearningX, suggesting a history of 
the opinions of philosophers, he says that he would have 
inserted in it even recent theories, as those of Paracelsus ; 
of Telesius, who restored the philosophy of Parmenides ; 
or Patricius, who resublimed the fumes of Platonism; 
or Gilbert, who brought back the dogmas of Philolaus. 
But Bacon quotes^ with pleasure Gilbert’s ridicule of the 
Peripatetics’ definition of heat. They had said, that heat 

* Vol. ix. 185. •' t De Magnelc^ p. 60. 

J Book iii. c. 4. § Noc, Org,,^ book ii. Aph. 4B. 
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is that which separates heterogeneous and unites homoge- 
neous matter; which, said Gilbert, is if any one were to 
define man as that which sows wheat and plants vines. 

Galileo, another of Gilbert’s distinguished contem- 
poraries, had a higher opinion of him. He says*, “ I 
extremely admire and envy this author, think him 
worthy of the greatest praise for the many iieAv and true 
observations which he has made, to the disgrace of so 
many vain and fabling authors; who write, not from 
their own knowledge only, but rojjeat everything they 
hear from the foolish and vulgar, without attempting to 
satisfy themselves of the same by experience ; perhaps 
that they may not diminish the size of their books.” 

Galileo . — Galileo was content with the active and 
successful practice of experimental inquiry; and did not 
demand that such researches should bo made exj»rossly 
subservient to that wider and more ambitious i)hiIo- 
sojdiy, on which the author of thc^ Novum Organon 
emi)loycd his powers. But still it now becomes our 
business to trace those portions of Galileo’s views which 
have reference to the theory, as well as the ]»ractice 
of scientific investigation. On this subject, Galileo did 
not think more profoundly, perhaps, than several of his 
contemporaries; but in the liveliness of expression and 
illustration with which he recommended his opinions 
on such topics, he was unrivalled. Writing in the lan- 
guage of tho people, in the attrS^tive form of dialogue, 
with clearness, grace, and wit, he did far more than 
any of his predecessors had done to render the new 
methods, results, and prospects of science familiar to a 
wide circle of readers, first in Italy, and soon, all over 
Europe. The principal points inculcated by him were 
already becoming familiar to men of active and inquiring 
minds ; such as, — ^that knowledge was to be sought from 

* Drinkwatku’s Life of Galileo, p. 18. 
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observation, and not from books that it was absurd to 
adhere to, and debate about, the physical tenets of Aris- 
totle and the rest of the ancients. On persons who fol- 
lowed this latter course, Galileo fixed the epithet of 
Paper Philosophers*; because, as he wrote in a letter to 
Kepler, this ||iort of men fancied that philosophy was to 
be studied like the JEneid or Odyssee, and that the true 
reading of nature was to be detected by the collation of 
texts. Nothing so much shook the authority of the 
received system of Physics as the experimental discove- 
ries, directly contradicting it, which Galileo made. By 
experiment, as I have elsewhere stated f, he disproved 
the Aristotelian doctrine that bodies fall quickly or 
slowly in proportion to their weight. And when he had 
invented the telescope, a number of new discoveries of 
the most striking kind (the inequalities of the moon’s 
surface, the spots in the sun, the moon-like phases of 
Venus, the satellites of Jupiter, the ring of Saturn) 
showed, by the evidence of the eyes, how inadequate were 
the conceptions, and how erroneous the doctrines, of the 
ancients respecting the constitution of the universe. 
How severe the blow was to the disciples of the ancient 
schools, we may judge by the extraordinary forms of 
defence in which they tried to intrench themselves. They 
would not look through Galileo’s glasses; they main- 
tained that what was seen was an illusion of witchcraft ; 
and they tried, as Galillo sayst, with logical arguments, 
as if with magical incantations, to charm the new planets 
out of- the sky. No one could be better fitted than 
Galileo for such a warfare. His great knowledge, clear 
intellect, gaiety; and light irony, (with the advantage of 
being in the right,) enabled him to play with his adver- 
saries as he pleasgd. Thus when an Aristotelian | 

* 

* Life, of Galiho, p. 9. t Hitt, Ind. Sci., ii. 46. 

X Life of Galileo, p. 29. § Ib., p. 33. 
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iiesjected the discover}' of the irregularities in the moon’s 
surface, because, according to the ancient doctrine, her 
fdi^ was a perfect sphere, and held that the apparent 
cavities were filled with an invisible crystal substance ; 
Galileo replied, that he had no objection to assent t<f this, 
but that then he should require his adversary in return 
to believe that there were on the same su^ce invisible 
crystal mountains ten times as high as those visible ones 
which he had actually observed and measured. 

find in Galileo many thoughts which have since 
become established maxims of modern philosophy. 
“ Philosophy,” he says*, “is written in that great book, 
I mean the Universe, which is constantly open before our 
eyes ; but it cannot be understood, except we first know 
the language and learn the characters in which it is 
written.” With this thought he combines some other 
lively images. One of his interlocutors says concerning 
another, “ Sarsi perhaps thinks that philosophy is a book 
made up of the fancies of men, like the Iliad or Orlando 
Furioso, in which the matter of least^mportance is, that 
what is written be true.” And again, with regard to the 
system of authority, he says, “ I think I discover in him 
a firm belief that, in philosophizing, it is necessary to 
lean upon the opinion of some celebrated author; as if 
our mind must necessarily remain unfruitful and barren 
till it be married to another man’s reason.” — “ No,” he 
says, “ the case is not so. — When^we have the decrees of 
Nature, authority goes for nothing; reason is absolutef.” 

In the course of Galileo’s controversies, questions of 
the logic of science came under discussion. Vincenzio 
di Grazia objected to a proof from induction which 
Galileo adduced, because aM the particulars were not 
enumerated; to which the latter justly replies t, that if 
induction were required to pass through all fcho cases, it 

* II Sagffiatore, ii 24?. t Ib., ii. 200. t IK >• 501. 
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would be either useless or impossible ;*^iinpossible when 
the cases are innumerable ; useless when they have each 
already been verified, since then the general proposition 
adds nothing to our knowledge. • 

One of the most novel of the chartlcters which Science 
assumes in Galileo’s hands is, that she becomes cautious. 
She not only proceeds leaning upon Experience, but she 
is content to proceed a little way at a time. She already 
begins to perceive that she must rise to the heights of 
knowledge by many small and separate steps. The phi- 
losopher is desirous to know much, but resigned to bo 
ignorant for a time of that which cannot yet be known. 
Thus when Galileo discovered the true law of the motion 
of a falling body*, that the velocity increases proportion- 
ally to the time from the beginning of the fall, he did not 
insist upon immediately assigning the cause of this law. 
“ The cause of the acceleration of the motions of falling 
bodies is not,” he says, “ a necessary part of the investi- 
gation.” Yet the conception of this acceleration, as the 
result of the contiSued action of the force of gravity u])on 
the falling body, could hardly fail to suggest itself to one 
who had formed the idea of force. In like manner, the 
truth that the velocities, acquired by bodies falling down 
planes of equal heights, are all equal, was known to 
Galileo and his disciples, long before be accounted for 
itf, by the principle, apparently so obvious, that the 
momentum generate^ is as the moving force which 
generates it. He was not tempted to rush at oncOj from 
an experimental truth to a universal system. Science 
had learnt that she must move Step by Step ; and the 
gravity of her pace already indicated her approaching 
maturity and her consciousness of the long path which 
lay before her. 

But besides the genuine philosophical prudence which 
• ffut. Ind. iSci., ii. 20. t Ib,, ii. 49. 
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thus Witheld Galileo from leaping hastily from one infer- 
ence to another, he had perhaps a preponderating incli- 
nation towards facts ; and did not feel, so much as some 
other persons of his time, the need of reducing them to 
ideas* He could bear to contemplate laws of motion 
without being urged by an uncontrollable desire to refer 
them to conceptions of force. 

Kephr.— hi this respect his friend Kepler differed 
from him } for Kepler was restless and unsatisfied till he 
had reduced facts to laws, and laws to causes ; and never 
acquiesced in ignorance, though he tested with the most 
rigorous scrutiny that which presented itself in the shape 
of knowledge to fill the void. It may be seen in the 
History of Astronomy* with what perseverance, energy, 
and fertility of invention, Kepler pursued his labours, 
(enlivened and relieved by the most curious freaks of 
fancy,) with a view of discovering the rules which regulate 
the motions of the planet Mars, He represents this 
employment under the image of a warfare ; and describesf 
his object to be “ to triumph over Mars, and to prepare 
for him, as for one altogether vanquished, tabular prisons 
and eijuated eccentric fetters and when “ the enemy, 
left at home a despised captive, had burst all the chains 
of the equations, and broken forth of the j)ri8on8 of the 
tables — ^when “ it was buzzed here and thpre that the 
victory is vain, and that the w’ar is raging anew as vio-* 
lently as before — that is, when the rules which he had 
proposed did not coincide with the facts ; — he by no means 
desisted from his attempts, but “ suddenly sent into the 
field a reserve of new physical reasonings on the rout 
and dispersion of the veterans,” that is, tried new suppo- 
sitions suggested by such views as he then entertained of 
the celestial motions. His efforts to obtain the formal 
• Hul. Ind. JSci, i., 426. 

t -Oe Stell. Mart., p. iv. c. 51. (1609.) Drinkwaieb’s Kepler, 33. 
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laws Of the planetary motions resulted in some ^ of the 
ipost iifipoftant discoveries ever nidde iii astroiiHiny ; and 
if ^his physical reasonings were for the time fruftiys, this 
arolb only from the want of that discipline in medhanical 
ideas which the minds ^f mathematicians had still to 
undergo ; for the great discoveries of Newton in the 
next generation ^howed that, in reality, the next step of 
the advance was in this direction. Among all Kepler’s 
fantastical expressions, the fundamental thoughts were 
sound and true ji. namely, that it was his business, as a 
physical investigator, to discover a mathematical rule 
which governed and included all the special facts; and 
that the rules of the motions of the planets must conform 
to some conception of causation! 

The same characteristics, — the conviction of rule and 
cause, perseverance in seeking these, inventivehess in 
devising hypotheses, love of truth in trying and rejecting 
them, and a lively Fancy playingpwith the Reason without 
interrupting her, — appear also in his work on Optics; in 
which he tried to discover the exact law of optical refrac- 
tion*. In this undertaking he did not succeed entirely ; 
nor does he profess to have done so. He ends his nume- 
rons attempts by saying, “Now, reader, you and I have 
Jteen detained sufficiently long while I have been attempt- 
ing collect into one fagot the measures of different 
•refral^ons.” 

In this and in other expressions, we see how clearly 
he apprehended that colligation of facts which is the main 
business of the practical discoverer. And by his peculiar 
endowments and ht^its, Kepler exhibits an essential por- 
tion of thii^ process, which hardly appears at all in Galileo. 
In order to bind together facts, theory is requisite as well 
as observation,— the cord as well as the fegots. And the 
true theory is often, if not always; Obtained by trying 
• Publishea 1004 . flUi. Ind, Sei., ii. 340 . 
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^e^perRlf Rn4 selecting the right. Now of this portion of 
the. diSeeyerer’s exertions Kepler is a most conspicuous 
example. His fd^tility in devising suppositions, liis 
undaunted indus^f* in calculating the results of them, 
his entire honesty and candour in resigning them if these 
results disagreed with the facts, are a very instructive 
spectacle; and are fortunately exhibited to us in the 
most lively manner in his own garrulous narratives. 
Galileo urged men by precept as well as j^xample to begin 
their philosophy from observation ; Kepler taught them 
by his practice that they must proceed from observation 
by means of hypotheses. The one insisted upon facts ; 
the other dealt no less coJJiously with ideas. In the prac- 
tical, as in the speculative portion of our history, this 
antithesis shows itself ; although in the practical part we 
cannot have the two elements separated, as in the specu- 
lative we sometimes hav,^ 

In the History of Science*, I have devoted several 
pages to the intellectual character of Kepler, inasmuch 
as his habit of devising so great a multitude of hypotheses, 
so fancifully expressed, had led some writers to look upon 
him as an inquirer who transgressed the most fixed rules 
of philosophical inquiiy. This opinion has arisen, 
conceive, among those who have forgotten the necj|psity 
of Ideas as well^as Facts for all theory; or who^have 
overlooked the impossibility of selecting and explicating 
our ideas without a good deal of spontaneous play of the 
mind. It must, however, always be recollected that 
Kepler’s genius and ^ancy derived all iheir scientific value 
from his genuine and . unmingled love of truth. These 
qualities appeared, not only ill the judgment he passed 
upon hypotheses, but also in matters which more imme- 
diately c^ceTued his reputation. Thus when Galileo’s 
discovery of , the telescope disproved several opinions 
HUt. Tnd. Set., i. 410. 
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which Kepler had publishecl and strenuously naaintained, 
he did not hesitate a moment to retract his assertions 
anUrPan^e himself by the side of Galileo, whom he vigo- 
rously supported in his warfare against those who were 
incapable of thus cheerfully acknowledging the triumph 
of new facts over their old theories. 

Tycho. — There remains one eminent astronomer, 
the friend and fellow-labourer of Kepler, whom we must 
not separate from him as one of the practical reformers 
of sdience. I speak of Tycho Brahe, who is, I think, not 
justly appreciated by the literary world in general, in 
consequence of his having made a retrograde step in that 
portion of astronomical theory which is most familiar to 
the popular mind. Though he adopted the Copernican 
view of the motion of the planets about the sun, ho 
refused to acknowledge the annual and diurnal motion of 
the earth. But notwithstanding this mistake, into which 
he was led by his interpretation of Scripture rather than 
of nature, Tycho must ever be one of the greatest names 
in astronomy. In the philosophy of science also, the 
influence of what he did is far from inconsiderable ; and 
esiieeially its value in bringing into notice these two 
points : — that not only are observations the beginning of 
science, but that the progress of science may often depend 
upon the observer’s pursuing his task regularly and care- 
fully for a long time, and with well devised instruments ; 
and again, that observed facts offer a succession of laws 
which we discover as our observations become better, and as 
our theories are better adapted to the observations. With 
regard to the former point, Tycho’s observatory was far 
superior to all that^had preceded it*, not only in the 
optical, but in the mechanical arrangements ; a matter of 
almost eqpal consequence. And hence it was that his 
observations inspired in K'Cpler th& confidence which led 
* Hitt, M. Sci., ii. 266. 
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him to all hi 8 labours and afr his discoveries. “ “ Since,” 
he says*, “the divine goodness has given us in Tycho 
Braho an exact observer, from whose observations this 
error of eight minutes in the calculations of the Ptole- 
maic hypothesis is detected, let us Acknowledge and make 
use of this gift of God : and since this error cannot be 
neglected, these eight minutes alone have prepared the 
way for an entire reform of Astronomy, and are to be the 
main subject of this work.” 

With regard to Tycho’s discoveries respecting the 
moon, it is to be recollected that besides the first inequa- 
lity of the moon’s motion, (the equation of the centre, 
arising from the elliptical form of her orbit,) Ptolemy 
had discovered a second inequality, the eveetion, which, 
as we have observed in the History of this subjoctf, 
might have naturally suggested the suspicion that there 
were still other inequalities. In the middle ages, how- 
ever, such suggestions, implying a constant progress in 
science, were little attended to ; and, we have seen, that 
when an Arabian astronomer^: had really discovered 
another inequality of the moon, it was soon forgotten, 
because it had no place in the established systems. Tycho 
not only rediscovered the lunar inequality, (the variation,) 
thus once before won and lost, but also two other in- 
equalities; namely^, t\iQ change of inclinatio7io{i\iQvaooi\'s 
orbit as the line of nodes moves round, and an inequality 
in the motion of the line of nodes. Thus, as I have else- 
Avhere said, it appeared that the discovery of a rule is a 
step to the discovery of deviations from that rule, which 
require to be expressed in other rules. It became mani- 
fest to astronomers, and through them to all philosophers, 
that in the application of ^theory tof observation, we find, 
not only the stated phenomena, for which the theory does 

* De Stell. Mart., pAl,- c. 19.* +' Hist. Ind. 8cl.,\. 217. 

t 10., i. 228. § Montucla, i. 560. 
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account, but also residtial ^hemniem, which are unac- 
counted for, andfr remain over and above the calculation. 
And it was seen further, that these residual phenomena 
might be, altogether or in part, exhausted by new theories. 

These v'ero valimbfe lessons ; and the more valuable 
inasmuch as men were now trying to lay down maxims 
and methods for the conduct of science. A revolution 
was not only at hand, but had really taken place, in the 
great body of real cultivators of science. The occasion 
now /equired that this revolution should be formally 
recognized ; — that the new intellectual power should be 
clothed with the forms of government ; — that the new 
philosophical republic should be acknowledged as a sister 
state by the ancient dynasties of Aristotle and Plato. 
There was needed some great Theoretical Reformer, to 
.speiik in the name of the Experimental Philosophy; to 
lay before the world a declaration of its rights and a 
scheme of its laws. And thus our eyes are turned to 
Francis Bacon, and others who like him attempted this 
great office. We quit those august and venerable names 
of discoverers, whose appearance was the prelude and 
announcement of the new state of things then opening ; 
and in doing so, we may apply to them the language 
which Bacon ajiplies to himself* : — 

Xdip€T€ Kr)pvK€s Aids dyycXoi koI dvbpidv. 

Hail Heralds, Messengers of Gods and Men ! 


Chapter XI. 

FRANCIS BACON. 

1. It is a matter of some difficulty to speak of the 
character and merits of this illustrious man, as regards 
his place iif that philosophical history with which we are 
* De Aiigm.y lib. iv. c. 1. 
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here engaged. If we wer# to content ourselves with 
estimating him according to the office Mffiich, as we have 
just seen; he claims for himself*, as merely the harbinger 
and announcer of a sounder method of scientific inquiry 
than that which was recognized before him, the task 
would be comparatively easy. For we might select from 
his writings those passages in which he has delivered 
opinions and pointed out processes^ then novel and 
strange, but since confirmed by the ox]>erience of actual 
discoverers, and By the judgments of the wisest of suc- 
ceeding philosophers; and we might pass l)y, without 
disrespect, but without notice, maxims and proposals wliich 
have not been found available for use ; — views so indistinct 
and vague, that we are even yet unable to pronounce 
upon their justice ; — and boundless anticipations, dictated 
by the sanguine hopes of a noble and comprehensive 
intellect. But if we thus reduce the philosophy of Bacon 
to that portion which the subsequent progress of science 
has rigorously verified, we shall have to pass over maiiy 
of those declarations which have excited most notice in 
his writings, ‘and shall lose sight of many of those striking 
thoughts which his admirers most love to dwell upon. 
For he is usually spoken of, at least in this country, as a 
teacher who not only, commenced, but in a great measure 
completed, the Philosophy of Induction. He is con- 
sidered, not only as having asserted some general prin- 
ciples, but laid down the special rules of scientific investi- 
gation ; as not only one of the Founders, but the supreme 
legislator of the modern Republic of Science ; not only 
the Hercules who slew the monsters that obstructed the 
earlier traveller, but the Solon wdio established a consti- 
tution fitted for all future time. 

2. Nor is it our purpose to deny that of such praise 

• And in other passages ; thus, “ Ego cnim buccinator tantum pugnam 
non ineo.” Nov, Org, lib. iv. c. 1. 
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he de^orves a share which, considering the period at which 
he livod, is trulyiastonishing. But it is necessary for us 
in this place to discriminate and select that portion of liis 
. system which, bearing upon physical 'science, has since 
been Confirmed by the actual*history of 'science. Many 
' q£ .B ison’s most impressive and captivating passages con- 
teipplate the extension of the new methods of^iscovering 
truth 'to intellectual, to moral, to political, as well as to 
..physical science. And how far, and how, the advantages 
.of .the inductive method may be seciired for those im- 
portant branches of speculation, it will at some future 
.time be a higjily interesting task to examine. But our 
=^tan requires us at present to omit the consideration of 
these for our purpose is to learn what the genuine 
course of the formation of science is, by tracing it in 
thlM^ portions of human knowledge, which, by the con- 
fession of all, are most exact, most certain, most complete. 
Hence we must here deny ourselves the dignity and inte- 
rest which float about all speculations in which the great 
moral and political concerns of men arc involved. It 
cannot be doubted that tlie commanding position which 
Bacon occupies in men’s estimation arises from his j)ro- 
claiming a reform in i>hilosophy of so comprehensive a 
nature ; — a I’eform which was to infuse a new spirit into 
every part of knowledge. Physical Science has tranquilly 
and noiselessly adopted many of his suggestions ; which 
were, indeed, her own natural impulses, not borrowed from 
him ; and she is too deeply and satisfa/?torily absorbed in 
contemplating her results, |o talk much about the methods 
of obtaining them which she has thus instinctively pur- 
sued. But the philosophy which deals with mind, with 
maniicrs, with morals, with polity, is conscious still of 
much obscurity and perplexity ; and would gladly borrow 
aid from a system in which aid is so confidently promised. 
The aphorisms and phmses of the Novum Organon arc 
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far iaox:e frequently quoted by metaphysical, ethical, and 
eyen theological writers, than they are ^ the authors of 
works on physics. 

3. Again, even as regards physics, Bacon’s fame rests 
upon something besides thg noveltf of the maxirns’ which 
he promulgated. That a revolution in the method of 
scientific fesearch was going on, all the grea^test physicsd 
investigators of the sixteenth century were fully nware, 
as we have shown in the last chapter. ’ But their writings 
conA^eyed this conviction to the public at large somewhat^ 
slowly. Men of letters, men of the world, men of raiilcf 
did not become familiar with the abstruse works irl 
which these views were published ; and above all, the^; 
did not* by such occasional glimpses as they took of the- 
state of physical science, become aware of the magnitude 
and consequences of this change. But Bacon’s Iqfty- 
eloquence, wide learning, comprehensive views, bol^ pic- 
tures of the coming state of things, were fitted to make 
men turn a far more general and earnest gazo upon the 
passing change. When a man of his acquirements, of 
his talents,^ of his rank and position, of his gravity and 
caution, potifed forth the strongest and loftiest expres- 
sions and images which his mind could supply, in order 
to depict the “ Great Instauration” which he announced ; 
—in order to contest the weakness, the blindness, the 
ignorance, the wretchedness, under which men had la- 
boured while they followed the long beaten track, with 
the light, the power, the privileges, which they were to 
find in the paths to which he pointed ; — it was impossible 
that readers of all classes should not have their attention 
arrested, their minds stirred, their hopes warmed ; and 
should not listen with wonder and with pleasure to the 
strains of prophetic eloquence in which so great a%ubject 
was presented. And when it was found that.the prophec;^ 
was verified ; when it appeared that an immense change 
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in tli0 methods of scientific reseeroh really had occurred ; 
— 'thaij/ vast addidons to man’s knowledge and power had 
h^n acquired, in modes like those which had been spoken 
of;— that further adva^es might be constantly looked 
for ; — and that a progress, seemingly boundless, was going 
on in the direction in which the seer had thus pointed ; 
■^it was na^ral that men should hail him as the leader 
of the revolution ; that they should identify him with the 
event which he was the first t^nnounce ; that- they should 
look upon him as the author of that which he had, as they 
perceived, so soon and so thoroughly comprehended. 

4. For we must remark, that although (as v’e have 
..sefB) he was "not the only, nor the earliest writer, who 
*<ieclared that the time was come for such a change, he 
not onl^ proclaimed it more emphatically, but understood 
it, in its general ch|(jEacter, much more exactly, than any 
of his contemporaries. Among the maxims, suggestions 
and anticipations w^ch he threw out, there were many 
of which the wisdom and the novelty were alike striking 
to his immediate successors ; — there are many which 
even now, from time to 4ime, we find fresh reason to 
admire, for their acijteness and justice. IWcon stands 
far above the herd of loose and visionary speculators who, 
before and about his time, spoke of the establishment of 
new philosophies. If we must selliilt some one philoso- 
pher as the Hero of the r^olution in ^entific method, 
beyond all doubt Francis Bacon niust occupy the place 
of honour. 

We shall, however, no longer dwell Hjion these general 
considerations, but shall j^oceed to notice some of the 
more peculiar and characteristic features of Bacon’s phi- 
losophy ; and especially those views, which, occurring for 
the firfb time in his writings, have been fully illustrated 
and confirmed by the subsequent progress of science, and 
liave becoinq, a portion ofi the permanent philosophy of 
our tim%8. 
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5.” (I.) This <##6’ great feature which strikes us in 
Bacon’s philbsophital views is that which .we have already 
noticed ;-^hi8 confident and em^atic announcement of 
0 . Mew Ei'a in the progress of Science, compared with 
which the advances of former times were poor and 
trifling* This was with Bacon no loose |nd shallow 
opinion, taken up on light grounds and involving only 
vague general notions. He had satisfied himself of the 
justice of such a view by a^fifcorious course of research 
and reflection. In 1605, at the age of twenty-eight, he 
published his Treatise of the Advancement of Learning, in 
which he takes a comprehensive and spirited survey of 
tlie condition of all branches of knowledge which had 
been cultivated up to that time. This work was com- 
posed with a view to that reform of tlie existing philo- 
sophy wl^ch Bacon always had before^his eyes; and* in 
the Latin edition of his works, forms the First Part of 
the Instaumtio Magna. In the Second Part of the 
Instauratio, tlio Novttm Organon, published in 1620, ho 
more explicitly and confidently states his expectations on 
this subject. ^He points out ho'W slightly and feebly the 
examination*^ nature had been pursued up to his time, 
and with what scanty fruit. He notes the indications of 
this in the very limited knowledge of the Greeks who 
had till then been teachers of Europe, in the com- 
plaints of aUthorl** concerning Idie subtility and obscurity 
of the secrets of naturC iu the .dissensions of sects, in the 
absence of useful inventions resulting from theory, in the • 
fixed form ) which tlfe sciences had retained for two thou- 
sand years. Nor, he adds*, is %)is wonderful ; for how 
little of his thought 'and labour has man bestowed upon 
science! Out of twenty-five centuries scarce six have 
been faivemlahiie to the progress of knowledge. And%ven 
in those) favoufOd times, natural philosoohy received the 

i. Aphor. 7^ 
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smallest stare of man’s attention ; while the portion so 
given was marred by controversy and dogmatism; and even 
those who have bestowed a little thought upon this philo- 
sophy, have never made it their main study, but have used 
it as a passage or drawbridge to serve other objects. A)id 
thus, he sayf, the great Mother of the Sciences is thrust 
down with indignity to the offices of a handmaid; is 
made to minister to the labours of medicine or mathema- 
tics, or to give the first preparatory tinge to the immature 
minds of youth. From these and similar considerations 
of the errors of past time, he draws hope for the future, 
employing the same argument which Demosthenes uses 
to the Athenians. “ That which is worst i|^ the events 
of the past, is the best as a ground of trust in the future. 
For if you had done all that became you, and still had 
been in this condition, your case might be desperate; but 
since your failure is the result of your own mistakes, 
there is good hope that, correcting the error of your 
course, you may reach a prosperity yet unknown to 
you.” 

6. (II.) All Bacon’s hope of improvement indeed was 
placed in an entire change of the Method by'^hich sciciict 
was pursued ; and the boldness, and at the same time, 
(the then existing state of science being considered) tlio 
definiteness of his views of the ch^^e that was requisite 
are truly remarkable. 

That all knowledge must begin with observation, is 
' one great principle of Bacon’s philosophy; but I hardly 
think it necessary to notice the inculcation of this maxim 
as one of his main services to tlie cause of sound know- 
ledge, since it had, as we have seen, been fully insisted 
upon by others before him, and was growing rapidly into 
general acceptance without his aid. But if he was not 
the first to tell men that they must collect their know- 
ledge. from' observation? he had no rival in his peculiar 



FRANCIS BACON. 895 

office of teaching them how science must thus be gathered 
from experience. 

It appears to me that by far the most extraordinary 
parts of Bacon’s works are those in which, with extreme 
earnestness and clearness, ho insists upon a graduated and 
successive induction, as opposed to a hasty transit from 
special facts to the highest generalizations. The nine- 
teenth Axiom of the First Book of the Novum Organon 
contains a view of the nature of true science most exact 
and profound ; and, so far as I am aware, at the time 
j)erfectly new. “ There are two ways, and can only be 
two, of seeking and finding truth. The one, from sense 
and particu)|ps, takes a flight to the most general axioms, 
and from those principles and their truth, settled once for 
all, invents and Judges of intermediate axioms. The 
otlier method collects axioms from sense and particulars, 
ascending continuously and hy degrees, so that in the eiul 
it arrives at the most general axioms; this latter way is 
the true one, but hitherto untried.” 

It is to be remarked, that in this passage Bacon em- 
ploys the term axioms to express any propositions collected 
from facts Fy induction, and thus fitted to become the 
starting-point of deductive reasonings. How far propo- 
sitions so obtained may approach to the character of 
axioms in the more rigorous sense of the term, we have 
already in some measure exaraiiicd ; but that question does 
not here immediately concern us. The truly remarkable 
circumstance is to find this recommendation of a con- 
tinuous advance from observation, by limited steps, through 
successive gradations of generality, given at a time when 
speculative men in general had only just begun to perceive 
that they must begin their course from experience in 
some way or other. How exactly this description repre- 
sents the general structure of the soundest and most 
comprehensive physical theories, all persons who have 



3S6 


REVIEW OF OPINIONS ON KNOWLEDGE. 


studied the progress of science up to modem tihies can 
bear testimony ; but perhaps this structure of science 
cannot in any other way be made so apparent as by those 
Tables of successive generalizations in which we have exhi- 
bited the history and constitution of some of the principal 
physical sciences, in the Chapter of the preceding Book 
which treats of the Logic of Induction. And the view 
whicli Bacon thus took of the true progress of science 
was not only new, but, so far as I am aware, has never 
been adequately illustrated up to the present day. 

7. It is true, as I observed in the last Chapter, that 
Galileo had been led to see the necessity, not only of 
proceeding from experience in the pursuit o|, knowledge, 
but of jiroceeding cautiously and gradually ; and he had 
exemplified this rule more than once, when, having made 
one step in discover)', ho held back his foot, for a time, 
from the next step, however tempting. But Galileo had 
not reached this Avide and commanding view of the suc- 
cessive subordination of many steps, all leading up at 
last to some wide and simple general truth. In catching 
sight of this princij)le, and in ascribing to it its due 
importance, Bacon’s sagacity, so far as I am aware, wrought 
unassisted and unrivalled. 

8. Nor is there any wavering or vagueness in Bacon’s 
assertion of this important truth. He repeats it over and 
over again ; illustrates it by a great number of the most 
lively metaphors and emphatic expressions. Thus he 
speaks of the successive jlom’s {tabulata) of induction; 
and speaks of each science as a pyramid* which has obser- 
vation and experience for its basis. No images can better 

* Avg. Sc., lib. iii. c. 4. p. 194. So in other places, as Nov. Org., 
i. Aphorism 104. “ Descientiis turn clomum bene sperandtini est qnan- 
(1o per si’alani^ vcrani et per gradiis continues, et non interuiissos aut 
liiuicos a particularibiis asccndctiir ad axibmata minora, et deinde ad 
media, alia aliis siipotiora, et postremo demuin ad gcnerulissima.” 
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exhibit the relation- of general and particulai' truths, as 
our own Inductive Tables may serve to show. 

9. (III.) Again ; not less remarkable is his contrasting 
this true Method of Science (while was almost, as ho 
says, yet untried) with the ancient and vicious Method, 
which began, indeed, with facts of observation, but rushed 
at once, and with no gradations, to the most general 
principles. For this was the course which had been 
actually followed by all those speculative reformers who 
had talked so loudly of the necessity of beginning our 
philosophy from experience. All these men, if they 
attempted to frame j?iiysical doctrines at all, had caught 
up a few fac|s of observation, and had erected a universal 
theory upon the suggestions which these offered. This 
process of illicit generalization, or, as Bacon terms it. 
Anticipation of Nature {anticipatio naturce), in opposition 
to the Interpretation of Nature, he depicts with singular 
acuteness, in its character and causes. “ Those two ways,” 
he says f, “both begin from sense and particulars; but 
their discrepancy is immense. The one merely skims 
over experience and particulars in a cursory transit ; the 
other deals with them in a due and orderly manner. The 
one, at its very outset, frames certain general abstract 
principles, but useless ; the other gradually rises to those 
principles which have a real existence in nature.” 

“The former path,” ho adds^, “that of illicit and 
hasty generalization, is one which the intellect follows 
when abandoned to its own impulse ; and this it does 
from the requisitions of logic. For the mind has a yearn- 
ing which makes it dart forth to generalities, that it may 
have something to rest in ; and after a little dallying with, 
experience, becomes weary of it ; and all these evils are 
augmented by logic. Which requires these generalities to, 
make a show with in its disputatious.” 

+ Nov. Or^., i. Aph. 22. 
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“ In a sober, patient, grave intellect,” he further adds, 
“ the mind, by its own impulse, (and more especially if 
it be not impeded by the sway of established opinions) 
attempts in some measure that other and true way, of 
gradual generalization ; but this it does with small profit ; 
for the intellect, except it be regulated and aided, is a 
faculty of unequal operation, and altogether unapt to 
master the obscurity of things.” 

The profound and searching "Wisdom of these remarks 
appears more and more, as we apply them to the various 
attempts which men have made to obtain knowledge; when 
they begin with the contemplation of a few facts, and pur- 
sue their speculations, as upon most subjects they have 
hitherto generally done ; for almost all such attempts have 
led immediately to some process of illicit generalization, 
which introduces an interminable couriS of controversy. In 
the physical sciences, however, we have the further ines- 
timable advantage of seeing the other side of the contrast 
exemplified : for many of them, as our Inductive Tables 
show us, have gone on according to the most rigorous 
conditions of gradual and successive generalization; and 
in consequence of this circumstance in their constitution, 
possess, in each j)art of their structure, a solid trutli, 
which is always ready to stand the severest tests of rea- 
soning and experiment. 

We see how justly and clearly Bacon judged con- 
cerning the mode in which facts are to be employed in 
the construction of science. This, indeed, has ever been 
deemed his great merit: insomuch that many persons ap- 
pear to apprehend the main substance of his doctrine to 
reside in the maxim that facts of observation, and such 
facts alone, are the essential elements of all true science. 

10. (IV.) Yet we have endeavoured to establish the 
doctrine that facts are but one of two ingredients of 
knowledge both equally necessary ; — that Ideas are no 
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indispensable than facts themselves; and that except 
these be duly unfolded and applied, facts are collected in 
vain. Has Bacon then neglected this great portion of 
his subject ? Has he been led by some"'f)artiality of view, 
or some peculiarity of circumstances, to leave this curious 
and essential element of science in its pristine obscurity ? 
Was he unaware of its interest and importance? 

We may reply that Bacon’s philosophy, in its effect 
upon his readers in general, does not give due weight or 
due attention to the ideal element of our knowledge. 
He is considered as peculiarly and eminently the asserter 
of the value of experiment and observation. He is always 
understood to belong to the experiential, as opposed to 
the ideal school. He is held uj) in contrast to Plato and 
others who love to dwell upon that part of knowledge 
which has its ori^ in the intellect of man. 

11. Nor can it be denied that Bacon has, in the 
finished part of his Novum Organum, put prominently 
forwards the necessary dependence of all our knowledge 
upon Experience, and said little of its dependence, equally 
necessary, upon the Conceptions which the intellect itself 
supplies. It will appear, however, on a close examination, 
that he was by no means insensible or careless of this 
internal element of all connected speculation. He held 
the balance, with no partial or feeble hand, between 
phenomena and ideas. He urged the Colligation of 
Facts, but he was not the less aware of the value of the 
Explication of Conceptions. 

12. This appears plainly from some remarkable Apho- 
risms in the Novum Organum. Thus, in noticing the 
causes of the little progress then made by science, he 
states this: — “In the current Notions, all is unsound, 
whether they be logical pr physical. Substance, quality., 
action, passion, even being, are not good Conce*ptions ; still 
less are hmvy, Ught, dense, rare, moist, dry, generation. 
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covmpiioni aUraeti<M, repukifonf ' whiter, and 
iOJtU^f of ithat kind; all are fahfcastical' tod-' ill^lefined.” 
jA-oddn his attempt to exemplify hM owii systefmV Ite hesi- 
tates* ia accep'ting or rejecting' the notions’ 
cele^tiali rare, as belonging to fire, since, as he sayS, they 
are vague and ill-defined notions {noHoneS ike bene 
terminatx).^ In that part of his work which appears to 
be completed, there is not, so far as I have noticed, any 
attempt to fix and define any notions thus eomplaifted of 
as loose and obscure. But yet sueh an undertaking ap- 
pears to have formed part of his plan ; and in the Abece~ 
darium Naturee\, which consists of the heads of various 
portions of his great scheme, marked by letters of the 
alphabet, wo find the titles of a series of dissertations 
“ On the Conditions of Beings,” which must have had for 
their object the elucidation of divers Notions essential to 
science, and which would have been contributions to the 
Explication of Conceptions, such as we have attempted 
in a former part of this work. Thus some of the subjects 
oifehese dissertations are ; — Of Much and Little ; — Of 
Durable and Transitory ; — Of Natural and Monstrous ; — 
Of I^atural and Artificial. When the philosopher of 
ii^uction came to discuss these, considered as conditionn 
of existence, he could not do other than develop, limit, 
methodize and define the Ideas involved, in these Notions, 
so as to make them consistent with themselves, and a fit 
basis of demonstrative reasoning. His task would have 
Jieen jof the same nature as ours has been, in that part of 
this work which treats of the Fundamental Idbas of the 
vafious classes of sciences. 

13. Thus Bacon, in his speculative philosophy, took 
firmly hold of both the handles of ‘science; and if he had 
completed his scheme, would probably have ^ven due 

* ‘^ov. Orff., lit), ii. Aph. 19. 
t Jn$t. Mag., par. iii. (voLviiii p. 244.) ' 
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attention to Ide«8, no less than to Facts, as an element 
of our knowledge; while in his view of the general 
method of ascending from facts to principles, he dis]dayed 
a sagacity truly wonderful. But we cannot be surprised, 
that in attempting to exemplify the method which he 
recommended^ he should have failed. For the method 
could be exemplified only by some importam discovery 
in physical science ; and great discoveries, even with the 
most perfect methods, do not come at command. More- 
over although the general structure of his scheme was 
correct, the precise import of some of its details could 
hardly be understood, till the actual progress of science 
had made men somewhat familiar with the kind of steps 
which it included. 

14. (V.) Accordingly, Bacon’s Inquisition into the 
Nature of Heat, which is given in the Second Book of 
the Novum Organon as an example of the mode of inter- 
rogating Nature, cannot be 'looked upon otherwise than 
as a complete failure. This will be evident if we con- 
sider that, although the exact nature of heat is still ah 
obscure and controverted matter, the science of Heat 
now consists of many important truths ; and that tomone 
of these truths is there any approximation in Bacon’s 
essay. From his process he arrives at this, as the “ forma 
or true definition” of heat; — “that it is an expansive, 
restrained motion, modified in certain ways, and exerted in 
the smaller particles of the body.” But the steps by which 
the science of Heat really advanced were, (as may be seen • 
in the history* of the subject,) these; — ^The discovery 
of a measure of heat or temperature (the thermometer); 
The establishment of the laws of conduction and radia- 
tion; of the laws oi specific heat, latent heat, and tlm 
like. Such steps have led to Ampere’s hypothesis that 
heat consists in the vibrations of an imponderS,ble fluid; 

t Ib., 529. 
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and to Laplace’s hypothesis, that temperature consists in 
the internal radiation of such a fluid. These hypotheses 
cannot yet be said to be even probable ; but at least they 
are so modified as to include some of the preceding laws 
which are firmly established; whereas Bacon’s hypo- 
thetical motion includes no laws of phenomena, explains 
no process,' and is indeed itself an example of illicit 
generalization. 

15. One main ground of Bacon’s ill fortune .in this 
undertaking appears to be, that he was not aware of an 
important maxim of inductive science, that we must first 
obtain the measure and ascertain the laws of phenomena, 
before we endeavour to discover their causes. The whole 
history of tliermotics up to the present time has been 
occupied with the former step, and the task is not yet 
completed : it is no wonder, therefore, that Bacon failed 
entirely, when he so prematurely attempted the second. 
His sagacity had taught him that the progress of science 
must be gradual ; but it had not led him to judge ade- 
qttately how gradual it must be, nor of what difterent 
kinds of inquiries, taken in due order, it must needs con- 
sist, in order to obtain success. 

Another mistake, which could not fail to render it 
unlikely that Bacon should really exemplify his precepts 
by any actual advance in science, was, that he did not 
justly appreciate the sagacity, the inventive genius, which 
all discovery requires. He conceived that he could 
supersede the necessity of such peculiar endowments. 
“ Our method of discovery in science,” he says*, “ is of 
such a nature, that there is not much left to acuteness 
and strength of genius, but all degrees of genius and 
intellect are brought nearly to the same level.” And he 
illustrates this by comparing his method to a pair of 
compasses^ by means of which a person with no manual 
skill may draw a perfect circle. In the same spirit he 

* Nov. Org.,\i\). i. Aph. 61. 
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speftka of proceeding by dm rejections; and appears to 
imagine that when we have obtained a collection of facts, 
if we go on successively rejecting what is false, we shall 
at last find that we have, left in our hands, that scientific 
truth which we seek. I need not observe how far this 
view is removed from the real state of the case. Tlie 
necessity of a conception which must be furnished by the 
mind in order to bind together the facts, could hardly 
have escaped the eye of Bacon, if he had cultivated more 
carefully the ideal side of his own })hilosophy. And any 
attempts which he could have made to construct such 
concejitions by mere rule and method, must have ended 
in convincing him that nothing but a peculiar inventive 
talent could supply that which was thus not contained in 
the facts, and yet was needed for the discovery. 

IG. (VI.) Since Bacon, with all his acuteness, had 
not divined circumstances so important in the formation 
of science, it is not wonderful that his attempt to reduce 
this process to a Technical Form is of little value. In 
the first place, he says*, we must prepare a natural and 
experimental history, good aird sufficient; in the next 
])lace, the instances thus collected are to bo arranged in 
Tables in some orderly way; and then we must apply a 
legitimate and true induction. And in his example f, he 
first collects a great number of cases in which heat 
appears un^er various circumstances, which he calls “ a 
Muster of Instances before the intellect,” {comparentia 
instantiarum ad intellectum,) or a Table o^ the Presence of 
the thing sought. He then adds a Table of its Absetice 
in proximate cases, containing instances where heat does 
not appear ; then a Table of Degrees, in which it appears 
with greater or less intensity. He then adds^, that we 
niust try to exclude several obvious suppositions, which 

* Nov. Org., lib. ii. Apb. 10. t Ajlli. 11, 

I Aph. 15, p. 105, 
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he does by reference to some of the instances he has col- 
lected; and this step he calls the Escltisive, or the Rejection 
of Natures. He then observes, (and justly,) that whereas 
truth emerges more easily from error than from confusion, 
we may, after this preparation, give play to the intellect, 
(fiat permissio intellectus,) and make an attempt at 
induction, liable afterwards to be corrected ; and by this 
step, which he terms his First Vindemiation, or Inchoate 
Induction, he is led to the proposition concerning heat, 
which we have stated above. 

17. In all the details of his example he is unfortunate. 
By proposing to himself to examine at once into tho 
nature of heat, instead of the laws of sjjecial classes of 
phenomena, he makes, as we have said, a fundamental 
mistake ; which is the less surprising since he had before 
him so few examples of the right course in the previous 
history of science. But further, his collection of instances 
is very loosely brought together ; for he includes in his list 
the hot taste of aromatic plants, the caustic effects of acids, 
and many other facts which cannot be ascribed to heat 
without a studious laxity in the use of the word. And 
when he comes to that point where he permits his intellect 
its range, the conception of motion upon which it at once 
fastens, appears to be selected with little choice or skill, 
the suggestion being taken from flame*, boiling liquids, a 
blown fire, and some other cases. If from suc^ exainjiles 
we could imagine heat to be motion, we ought at least 
to have some gradation to cases of heat where no motion 
is visible, as in a red-hot iron. It would seem that, after 
a large collection of instances had been looked at, the 
intellect, even in its first attempts, ought not to have 
dwelt upon such an hypothesis as this. 

18. After these steps. Bacon speaks of several classes 
of instances which, singling them out of the general and 


* Pago 1 10. 
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indiscriminate collection of facts, he terms Instances with 
Prerogative; and these he points out as peculiar aids and 
guides to the intellect in its task. These Instances with 
Prerogative have generally been much dwelt upon by 
those who have commented on Wie Novujn Organon. Yet, 
in reality, such a classification, as has been observed 
by one of the ablest writers of the j)resent day*, is of 
little service in the task of induction. For the instances 
are, for the most part, classed, not according to the ideas 
which they involve, or to any obvious circumstance in the 
facts of which they consist, but according to the extent 
or manner of their influence upon the inquiry in which 
they are employed. Thus we have Solitary Instances, 
Migrating Instances, Ostensive Instances, Clandestine 
Instances, so termed according to the degree in Avhich 
they exhibit, or seem to exhibit, . the property whose 
nature we would examine. We have Guide-Post In- 
stances, {InstanticB Crucis,) Instances of the Parted Road, 
of the Doorway, of the Lamp, according to the guidance 
they supply to our advance. Such a classification is much 
of the same nature as if, having to teach the art*of build- 
ing, we were to describe tools with reference to the 
amount and place of the work which they must do, 
instead of pointing out their construction and use : — as if 
w'c were to inform the pupil that we must have tools for 
lifting a stone up, tools for moving it sideways, tools for 
laying it square, tools for cementing it firmly. Such an 
enumeration of ends would convoy little instruction as 
to the means. Moreover, many of Bacon’s classes of 
instances are vitiated by the assumption that the “ form,” 
tliat is, the general law and cause of the pro])erty which 
is the subject of investigation, is to be looked for directly 
in the instances ; which, as we have seen in liis inquiry 
concerning heat, is a fundamental error. 

* Herschel, On the Study of Nat, Phil,, Art. 192. 
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19. Yet liis phraseology in some cases, as in the instan- 
tia ci'ucis, serves well to mark the place which certain 
experiments hold in our reasonings: and many of the 
special examples which he gives are full of acuteness and 
sagacity. Thus he suggests swinging a pendulum in a 
mine, in order to determine whether the attraction of the 
earth arises from the attraction of its parts ; and observitig 
the tide at the same moment in different parts of the world, 
in order to ascertain whether the motion of the water is 
expansive or progressive ; with other ingenious proposals. 
These marks of genius may serve to counterbalance the 
unfavourable judgment of Bacon’s aptitude for physical 
science which we are sometimes tempted to form, in con- 
sequence of his false views on other points ; as his rejec- 
tion of the Copernicau system, and his undervaluing 
Gilbert’s magnetical speculations. Most of these errors 
arose from a too ambitious habit of intellect, which 
would not be contented with any except very wide and 
general truths ; and from an indistinctness of mechanical, 
and perhaps, in general, of mathematical ideas : — defects 
which Bacon’s own philosophy was directed to remedy, 
and which, in the progress of time, it has remedied in 
others. 

20. (VII.) Having thus freely given our judgment 
concerning the most exact and definite portion of Bacon’s 
precepts, it cannot be necessary for us to discuss at any 
length the value of those more vague and general 
ings against prejudice and partiality, against intellectual 
indolence and presumption, with which his works abound. 
His advice and exhortations of this kind are always ex- 
pressed with energy and point, often clothed in the hap- 
piest forms of imagery ; and hence it has come to pass, 
that 8ucl\ i)a8sages are perliajis more familiar to the 
general reader than any other parts of his writings. Nor 
are Bacon’s counsels without their importance, when we 
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have to do with those subjects in Avhich prejudice and 
partiality exercise their peculiar sway. Questions of 
politics and momls, of manners, taste, or history, cannot 
be subjected to a scheme of rigorous induction; and 
though on such matters wo venture to assert general 
principles, these are commonly obtained with some degree 
of insecurity, and depend upon special habits of thought, 
not upon mere logical connexion. Here, therefore, the 
intellect may bo perverted, by mixing, with the pure 
reason, our gregarious affections, or our individual propen- 
sities ; the false suggestions involved in language, or the 
imposing delusions of received theories. In these dim 
and complex labyrinths of human thought, the Idol of the 
Tribe, or of the Den, of the Forum, or of the Theatre, may 
occupy men’s minds with delusive shapes, and may obscure 
or pervert their vision of truth. But in that Natural Phi- 
losophy with w'hich we are here concerned, there is little 
opportunity for shch influences. As far as a physical 
theory is completed through all the steps of a just induc- 
tion, there is a clear daylight diffused over it which leaves 
no lurking-place for prejudice. Each part can be exa- 
mined separately and repeatedly ; and the theory is not 
to be deemed perfect till it will bear the scrutiny of all 
sound minds alike. Although, therefore. Bacon, by 
warning men against the idols or fxllacious images above 
spoken of, may have guarded them from dangerous error, 
his precepts have little to do w'ith Natural Philosophy : 
and we cannot affree with him when he savs*, that the 
doctrine concerning these idols bears the same relation 
to the interpretation of nature as the doctrine concerning 
sophistical paralogisms bears to common logic. 

21. (VIII.) There is one very prominent feature in 
Bacon’s speculations which we must not omit to notice ; 
it is a leading and constant object with him*to apply his 

* Nov. Orff., lib. i. Aph. 40. 
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knowledge to Use. The insight which he obtains into 
nature, he would employ in commanding nature for the 
service of man. He wishes to have not only principles 
but works. The phrase which best describes the aim 
of his philosophy is his own*, “Ascendendo ad wiomata, 
descendendo ad opera'* This disposition appears in the 
first aphorism of the Novum Organon, and runs through 
the work. “ Man, the minister and interpreter of nature, 
does and understands, so far as he has, in fact or in 
thought, observed the course of nature ; and he cannot 
know or do more than this.” It is not necessary for us 
to dwell much upon this turn of mind ; for the whole of 
our present inquiry goes upon the supposition that an 
acquaintance with the laws of nature is worth our having 
for its own sake. It may be universally true, that know- 
ledge is power ; but we have to do with it not as poAvcr, 
but as knowledge. It is the formation of Science, not of 
Art, with which we are here concerned. It may give a 
peculiar interest to the history of science, to show how it 
constantly tends to provide better and better for the 
wants and comforts of the body ; but that is not the in- 
terest which engages us in our present inquiry into the 
nature and course of philosophy. The consideration of 
the means which promote man’s material well-being 
often appears to be invested with a kind of dignity, by 
the discovery of general laws which it involves ; and the 
satisfaction wdiich rises in our minds at the contempla- 
tion of such cases, men sometimes ascribe, with a false 
ingenuity, to the love of mere bodily enjoyment. But it 
is never difficult to see that this baser and coarser element 
is not the real source of our admiration. Those who 
hold that it is the main business of science to construct 
instruments for the uses of life, appear sometimes to be 
willing to- accept the consequence which follows from 

* Ax* 103. 



FRANCIS BACON. 


409 


such a doctrine, that the first shoemaker was a philoso,- 
|)her Worthy of the highest admiration*. But those Who 
maintain such jjaradoxes, often, by a happy inconsistency, 
make it their oM'n aim, not to devise some improved 
covering for the feet, but to delight the mind with acute 
speculations, exhibited in all the graces of wit and fancy. 

It has been saidf that the key of the Baconian doc- 
trine consists in two words, Utility and Progress. With 
regard to the latter point, we have already seen that the 
hope and prospect of a boundless progress in human 
knowledge had sprung up in men’s minds, even in the 
early times of imperial Rome ; and were most emphati- 
cally expressed by that very Seneca who disdained to 
reckon the worth of knowledge by its value in food and 
clothing. And when we say that Utility was the great 
business of Bacon’s philosophy, we forget one-half of his 
characteristic phrase. “Ascendendo ad axiomata,” no 
less than “ descendendo ad opera,” was, he repeatedly 
declared, the scheme of his path. He constantly spoke, 
we are told by his secretary!, of two kinds of experi- 
ments, ewferimenta fructifera, and eoeperimenta lucifera. 

Again ; when we are told by modern writers that 
Bacon merely recommended such induction as all men 
instinctively practise, W'e ought to recollect his own 
earnest and incessant declarations to the contrary. The 
induction hitherto practised is, he says, of no use for ob- 
taining solid science. There are two ways^, “ hcec via in 
usu est,” “ altera vera, sed intentata.” Men have con- 
stantly been employed in anticipation ; in illicit induction. 
The intellect left to itself rushes on in this road||; the 
conclusions so obtained are persuasive^ ; far more persua- 
sive than inductions made wdth due caution*’*. But still 

* Edmh. Rev., No. cxxxii. p. 65. \^Ib. 
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this method must be rejected if we would obtain true 
knbwledge. We shall then at length have ground of 
good hope for science when we proceed in another man- 
ner*. We must rise, not by a leap, but by small steps, 
by successive advances, by a gradation of ascents, trying 
our facts, and clearing our notions at every interval. The 
scheme of true philosophy, according to Bacon, is not 
obvious and simple, but long and technical, requiring 
constant care and self-denial to follow it. And we have 
seen that, in this opinion, his judgment is confirmed by 
the past history and present condition of science. 

Again ; it is by no means a just view of Bacon’s cha- 
racter to place him in contrast to Plato. Plato’s philo- 
sophy was the philosophy of Ideas ; but it was not left 
for Bacon to set up the philosophy of Facts in opposition 
to that of Ideas. That had been done fully by the spe- 
culative reformers of the sixteenth century. Bacon had 
the merit of showing that Facts and Ideas must be com- 
bined ; and not only so, but of divining many of the s])e- 
cial rules and forms of this combination, when as yet 
there were no examples of them, with a sagacity hitherto 
quite unparalleled. 

22. (IX.) With Bacon’s unhappy political life we 
have here nothing to do. But we cannot but notice with 
pleasure how faithfully, how perseveringly, how energeti- 
cally he discharged his great jdiilosophical office of a 
Reformer of Methods. He had conceived the purpose of 
making this his object at an early period. When medi- 
tating the continuation of his Novum Organon^ and speak- 
ing of his reasons for trusting that his work will reach some 
completeness of effect, he saysf, “ I am by two arguments 
thus persuaded. First, I think thus from the zeal and 

* Apli. 104. So Apli. 105. “ In constitucndo axiomate forma 
inducimm alia quain adhuc in ii.sii fiiit cxcogitaiida cst/* See* 
t Jdp, ad P* JPulgentimn, x. 330. 
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constancy of my mind, which has not waxed old in this 
design, nor, after so many years, grown cold and indif- 
ferent ; I remember that about forty years ago I com- 
posed a juvenile work about these things, which with 
great contrivance and a pompous title I called tempoi'is 
partnm maximum^ or the most considerable birth of time; 
Next, that on account of its usefulness, it may hope the 
Divine blessing.” In stating the grounds of hope for 
future progress in the sciences, he says* : “ Some hope 
may, we conceive, be ministered to men by our own 
example : and this we say, not for the sake of boasting, 
but because it is useful to be said. If any despond, let 
them look at me, a man among all others of my age most 
occupied with civil affairs, nor of very sound health, 
(which brings a great loss of time ;) also in this attempt 
the first explorer, following the footsteps of no mail, nor 
communicating on these subjects with any mortal ; yet, 
having steadily entered upon the true road and made my 
mind submit to things themselves, one who has, in this 
undertaking, made, (as we think,) some progress.” He 
then proceeds to speak of what may be done by the 
combined and more prosperous labours of others, in that 
strain of noble hope and confidence, which rises again 
and again, like a chorus, at intervals in every part of his 
writings. In the Advancement of Learning he had said, 
“I could not b^ true and constant to the argument I 
handle, if I were not willing to go beyond others, but yet 
not more willing than to have others go beyond rao 
again.” In the Preface to the Instauratio Magna, he had 
placed among liis postulates those expressions which have 
more than once warmed the breast of a philosophical 
reformer f. “ Concerning ourselves we speak not ; but 

as touching the matter which we have in hand, this we 

« 

* Nov, Org,y i. Apli. 113. 

t Seo the motto to Kant's Kritik der Relnen Vernun/t, 
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ask ; — that men be of good hope, neither feign and ima- 
gine to themselves this our Reform as something of 
infinite dimension and beyond the grasp of mortal man, 
when in truth it is the end and true limit of infinite 
error ; and is by no means unmindful of the condition of 
mortality and humanity, not confiding that such a thing 
can be carried to its perfect close in the space of a single 
age, but assigning it as a task to a succession of genera- 
tions.” In a later portion of the Instaurntio he says: 
“ W 0 bear the strongest love to the human republic, our 
common country ; and we b^’ no means abandon the hope 
that there Avill arise and cGme forth some man among 
posterity, who will be able to receive and digest all that 
is best in what we deliver; and whose care it will be to 
cultivate and perfect such things. Tlierefore, by the 
blessing of the Deity, to tend to this object, to open up 
the fountains, to discover the useful, to gather guidance 
for the Avay, shall be our task ; and from this we shall 
never, while we remain in life, desist.” 

28. (X.) We may add, that the spirit of piety as well 
as of hope which is seen in this passage, appears to have 
been habitual to Bacon at all periods of his life. We 
find in his works several drafts of portions of his great 
scheme, and several of them begin with a prayer. One 
of these entitled, in the edition of his works, “The 
Student’s Prayer,” appears to me to belong ' probably to 
his early youth. Another, entitled “The Writer’s Prayer,” 
is inserted at the end of the Preface of the Jnsinuratio, as 
it w'as finally ])ublished. I will conclude my. taotice of 
this wonderful man by inserting here these two pwayers. 

“To God the Father, God the Word, God the'i^pidb 
We pour fort^x most humble and hearty supplications; 
that he, I'emembering the calamities of mankind, and the 
pilgrimage of this our life, in which we wear out days 
few and evil, Avould please to open to us new refresh- 
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ments out of the fountains of his goodness for the 
alleviating of our miseries. This also we humbly and 
earnestly beg, that human things may not prejudice such 
as are divine; neither that, from the unlocking of the 
gates of sense, and the kindling of a greater natural light, 
anything of incredulity, or intellectual night, may arise 
in our minds towards divine mysteries. But rather, that 
by our mind thoroughly cleansed and purged from fancy 
and vanities, and yet subject and perfectly given up to 
the Divine oracles, there may be given unto faith the 
things that are faith’s.” 

“ Thou, O Father, who gavest the visible light as the 
first-born of thy creatures, and didst pour into man the 
intellectual light as the top and consummation of thy 
workmanship, be pleased to protect and govern this work, 
which coming from thy goodness, returneth to thy glory. 
Thou, after thou hadst reviewed the works which thy 
hands had made, beheldest that everything was very good, 
and thou didst rest with complacency in them. But 
man, reflecting on the works which he had made, saw that 
all was vanity and vexation of spirit, and could by no 
means acquiesce in them. Wherefore, if we labour in 
thy works with the sweat of our brows, thou wilt make 
us partakers of thy vision and thy Sabbath. We humbly 
beg that this mind may be stedfastly in us; and that 
thou, by our hands, and also by the hands of others on 
whom thou shalt bestow the same spirit, wilt please to 
convey a largess of new alms to thy family of mankind. 
These things we commend to thy everlasting love, by our 
Jesus, thy Chris*; God with us. Amen.” 
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Chapter XIT. 

FROM BACON TO NEWTON. 

I. Harvey . — We Lave already seen that Bacon was 
by no means the first mover or principal author of the 
revolution in the method of philosophizing which took 
place in his time ; but only the writer who proclaimed in 
the most impressive and compreheiisive manner, the 
scheme, the profit, the dignity, and the prospects of the 
new philosophy. Those, therefore, who after him took 
up the same views are not to be considered as his succes- 
sors, but as his fellow labourers ; and the line of historical 
succession of opinions must be pursued without special 
reference to any one leading character, as the principal 
figure of the epoch. I resume this line, by noticing a 
contemporary and fellow countiyman of Bacon, Harvey, 
the discoverer of the circulation of the blood. This dis- 
covery was not published and generally accepted till near 
the end of Bacon’s life ; but the anatomist’s reflections ou 
the method of pursuing science, though strongly marked 
with the character of the revolution that was taking 
place, belong to a very different school from the Chan- 
cellor’s. Harvey was a pupil of Fabricius of Acquapen- 
dente, whom we noticed among the practical reformers 
of the sixteenth century. He entertained, like his mas- 
ter, a strong reverence for the great names which had 
ruled in philosophy up to that time, Aristotle and Galen ; 
and was disposed rather to recommend his own method 
by exhibiting it as the true interpretation of ancient 
wisdom, than to boast of its novelty. It is true, that he 
assigns, as his reason for publishing some of his researches*, 

“ that by revealing the method I use in searching nito 

* AnaKyrttical Exercitatwna conaminy the Generation of Living 
Creaturea, 1653. Preface. 
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things, I might propose to studious men, a new and (if I 
mistake not) a surer path to the attainment of know- 
ledge* but he soon proceeds to fortify himself with the 
authority of Aristotle. In doing this, however, he has 
the very great merit of giving a living and practical cha- 
racter to truths which exist in the Aristotelian works, but 
which had hitherto been barren and empty professions. 
We have seen that Aristotle had asserted the importance 
of experience as one root of knowledge ; and in this had 
been followed by the schoolmen of the middle ages : but 
this assertion came with very different force and effect 
from a man, the whole of whose life had been spent in 
obtaining, by means of experience, knowledge which no 
man had possessed before. In Harvey’s general reflec- 
tions, the necessity of both the elements of knowledge, 
sensations and ideas, experience and reason, is fully 
brought into view, and rightly connected with the meta- 
physics of Aristotle. He puts the antithesis of these two 
elements with great clearness. “ Universals are chiefly 
known to us, for science is begot by reasoning from 

* lie iised similar expressions in conversation. George Ent, who 
edited his Generation of Animals, visited him, “ at that time residing 
not far from the city ; and found him very intent upon the perscruta- 
tion of nature’s works, and with a countenance as cheerful, as mind 
imperturbed ; Democritus like, chiefly searching into the cause of 
natural things." In the course of conversation the writer said, “ It 
hath always been your choice, about the secrets of Nature, to consult 
Nature herself.” “ ’Tis true,” replied ho ; “ and I have constantly been 
of opinion that from thenco we might acquire not only the knowledge of 
those less considerable secrets of Nature, but even a certain admiration 
of that Supreme Essence, the Creator. And though I have ever been 
ready to acknowledge, that many things have been discovered by 
learned men of former timoS ) yet do I still believe that the number of 
those which remain yet concealed in the darkness of impervestigable 
Nature is much greater. Nay, I cannot forbear to wonder, and some- 
times smile at those, who persuade themselves, that all things were so 
Consummately and absolutely delivered by Aristotle, Qalen, or some 
other great name, as that nothing was left to the superaddition of 
any that succeeded.” 
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universals to particulars ; yet that very comprehension of 
tiniversals.in the unSerstanding springs from the percep- 
tion- of singulars in our sense.” Again, he quotes Aris- 
totle’s apparently opposite assertions : — that made in his 
Physics*, “ that we must advance from things which are 
first known to us, though confusedly, to things more dis- 
tinctly intelligible in themselves ; from the .whole to the 
part; from the universal to the particular;” and that 
made in the Analytics-\\ that »“ Singulars are more known 
to us and do first exist according to sense : for nothing is 
in the understanding which was not before in the sense.” 
Both, he says, are true, though at first they seem to 
clash : for “ though in knowledge we begi* with sense, 
sensation itself is a universal thing.” This he further 
ilfustrateS ; and quotes Seneca, who says, that “ Art 
itself is nothing but the reason of the work, implanted in 
the Artist’s mind and adds, “ the same way by whicli 
we gain an Art, by the very same way we attain any kind 
of science or knowledge whatever ; for as Art is a habit 
whose object is something to be done, so Science is a 
habit whose object is something to be known ; and as the 
former proceedeth from the imitation of examples, so 
this latter, from the knowledge of things natural. The 
source of both is from sense and experience ; since [but] 
it is impossible that Art should be rightly purchased by 
the one or Science by thi other without a direction from 
ideas.” Without here dwelling on the relation of Art 
and Sciei^e, (very justly stated by Harvey, except that 
ideas exist in a very different ^orm in the mind of the 
Artist and the S(^ntist) it will be seen that this doctrine, 
of science springing from experience with a direction 
from ideas, is exactly that which we have repeatedly 
urged, as the true view of the subject. From this view, 
Harvey proceeds to infer the importance of a reference 

t Anal, Poet,, ii. 


* Lib. i. c. 2, 3. 



PROM BACON TO NEWTON. 


417 

to sense in his own subject, not only for first discovering, 
but for receiving knowledge : “ Witllbut experience, not 
other men’s but our own, no man is a proper discipje of 
any part of natural knowledge ; without experimental 
skill in anatoraiy, he will no better apprehend what I 
shall deliver concerning generation, than a man born 
blind can judge of the nature and difference of colours, 
or one born deaf, of sounds.” “ If we do otherwise, we 
may get a humid and floating opinion, but never a solid 
and infallible knowledge : as is happenable to those who 
see foreign countries only in maps, and the bowels of 
men falsely .described in anatomical tables. And hence 
it comes about, that in this rank ago, we have many 
.sophisters ana bookwrights, but few wise men and philo- 
sophers.” He had before declared “ how unsafe aiffl 
degenerate a thing it is, to be tutored by other men’s 
commentaries, without making trial of the things them- 
selves; especially since Nature’s book is so open and 
legible.” We arc here reminded of Galileo’s condemna- 
tion of the “ paper philosophers.” The train of thought 
thus expressed by the practical discoverers, sjjread rapidly 
with the spread of the new knowledge that had suggested 
it, and soon became general and unquestioned. 

II. Descartes . — Such opinions ai’c now among the 
most familiar and popular of those which are current 
among writers and speakers ; but we should err much if 
wo were to imagine that after they w'ere once propounded 
they were never resisted or contradicted. Indeed, even 
in our own time, not only are such maxims very fre^- 
quently practically neglected or forgotteq, but the oppo- 
site opinions, and viewS^of science quite inconsistent with 
those we have been explaining, are often promulgated 
and widely accepted. The philosophy of pure ideas has 
its commonplaces, as well as the philosophy of perience. 
And at the time of which wo speak, the former philo- 
VOL. II. 2 E 
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lio less than the latter, had its great asserter and 
expounder; a mari^in his owm time^inore admired than 
Bacim, regarded with more deference by a large body of 
disciples all over Europe, and more powerful in stirring 
■ftp’ men’s minds to a new activity of inqiiiry. I speak of 
Descartes, whose labours, considered as a philosophical 
system, were an endeavovir to revive the method of ob- 
taining knowledge by reasoning from our own ideas only, 
and to erect it in opposition^o the method of observation 
and experiment. The Cartesian philosophy contained an 
attempt at a counter-revolution. Thus in this author’s 
Principia Philosophice *, he says that “ he will give a 
short account of tlie principal phenomena 0 the worbi, 
hot that he may use them as reasons to prove anything; 
ior,” adds he, “ we desire to deduce effects frojn causes, 
not causes from effects ; but only in order that out of the 
innumerable effects which we learn to be capable of re- 
sulting from the same causes, we may determine our 
mind to consider some rather than others.” Ho had 
before said, “ The principles which we have obtained [by 
pure a priori reasoning] are so vast and so fruitful, tliat 
many more consequences follow from them than we coe 
contained in this visible world, and even many more tliaii 
our mind can ever take a full survey of.” And he j)fo- 
fesses to apply this method in detail. Thus in attempt 
ing to state the three fundamental laws of motion, he 
employs only a priori reasonings, and is in fact led into 
error in%ie third law which he thus obtainsf. And in 
his Dioptrics\ he pretends to deduce the laws of reflec- 
tion and refraJ0*ion of light from certain comparisons 
(which'^are, in truth, arbitrary,) in which the radiation of 
light is represented by the motion of a ball impinging 
upon the reflecting or refracting body. It might be 
represented as a curious instance of the caprice of fortune, 

* Fars iii. p. 45. + See Hitt, Ind, Set., ii. 50. f Cap. i. in 
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wliiclj ajipears in scientific as in otlier history, that Kep- 
ler, professing to derive all his knowledge from experi- 
ence, and exerting himself with the greatest energy and 
perseverance^ failed in detecting the law of refraction ; 
while Descartes, who professed to ^be able to despise 
experiment, obtained the true law of sines. But as we 
have stated in the History*, Descartes appears to have 
learnt this law from Snell’s papers. And whether this 
be so or not, it is certain tliat notwithstanding the pro- 
fession of independence which his philosophy made, it 
was in reality constantly guided and instructed by expe- 
rience. Thus in explaining the Itainbow (in which his 
portion of the discovery merits great praise) he speaksf 
of taking a globe of glass, allowing the sun to shine on 
one side of it, and noting the colours produced by rays 
after two refractions and one reflection. And in many 
other instances, indeed in all that relates to physics, the 
reasonings and explanations of Descartes and his fol- 
lowers were, consciously or unconsciously, directed by 
the known facts, which they had observed themselves or 
learnt from others. 

But since Descartes thus, speculatively at least, set 
himself in opposition to the great reform of scientific 
method which was going on in his time, how, it may be 
asked, did he acquire so strong an influence over the 
most active minds of his time? How is it that he be- 
came the founder of a large and distinguished school of 
philosophers ? How is it that he not only wis mainly 
instrumental in deposing Aristotle from his intellectual 
throne, but for a time appeared to hav^, established him- 
self with almost equal' powers, and to have rendered the 
Cartesian school as firm a body as the Peripatetic had 
been ? 

* Hist. Ind. ScL, li. 347* f Meteorum^ c. 8) p. 107. 
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The causes to be assigned for this remarkable result 
are, I conceive, the following. In the first place, the 
physicists of the Cartesian school did, as I have just 
^itated, found their philosophy upon experiment ; and did 
Hot practically, nor indeed, most of them, theoretically, 
assent to their master’s boast of showing what the jdie- 
nomena must be, instead of looking to see what they are. 
And as Descartes had really incorporated in his philo- 
sophy all the chief physical discoveries of his own and 
preceding times, and had delivered, in a more general and 
systematic shape than any one before him, the principles 
which he thus established, the physical philosophy of liis 
school was in reality far the best then current ; and was 
an immense improvement upon the Aristotelfan doctrines, 
which had not yet been displaced as a system. Another 
circumstance which gained him much favour, was the 
bold and ostentatious manner in which he professed to 
begin his philosophy by liberating himself from all pre- 
conceived prejudice. The first sentence of his philo- 
sophy contains this celebrated declaration ; “ Since,” he 
says, “we begin life as infants, and have contracted 
various judgments concerning sensible things before we 
possess the entire use of our reason, wo are turned aside 
from the knowledge of truth by many prejudices : from 
which it does not appear that we can be any otherwise 
delivered, than if once in our life we make it our business 
to doubt of everything in which we discern the smallest 
suspicioq^f uncertainty.” With this sweeping rejection 
or unhesitating scrutiny of all preconceived opinions, the 
power of the ancient authorities and masters in philo- 
sophy must obviously shrink away ; and thus Descartes 
came to be considered as the great hero of the overthrow 
of the Aristotelian dogmatism. But in addition to these 
causes, and perhaps more powerful than all in procuring 
the assent of men to his doctrines, came the deductive and 
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systematic character of liis philosophy. For although 
all knowledge of*the external world is in reality only 
to be obtained from observation, by inductive steps, — 
minute, perhaps, and slow, and many, as Galileo and 
Bacon had already taught ; — the human mind conforms 
to these conditions reluctantly and unsteadily, and is ever 
ready to rush to general principles, and then to employ 
itself in deducing conclusions from these by synthetical 
reasonings ; a task grateful, from the distinctness and 
certainty of the result, and the accompanying feeling of 
our own sufficiency. Hence men readily overlooked the 
precarious character of Descartes’ fundamental assump- 
tions, in their admiration of the skill with which a varied 
and complex universe was evolved out of them. And 
the complete and systematic character of this philosophy 
attracted men no less than its logical connexion. I may 
quote here what a philosopher* of our own time has 
said of another writer ; “ He owed his influence to various 
causes ; at the head of which may be placed that genius 
for system which, though it cramps the growth of know- 
ledge, })erhaps finally atones for that mischief by the zeal 
and activity wdiich it rouses among followers and oppo- 
nents, who discover truth by accident when in pursuit of 
weapons for their warfare. A system which attempts a 
task so hard as that of subjecting vast provinces of human 
knowledge to one or two principles, if it presents some 
striking instances of conformity to superficial appearances 
is sure to delight the framer ; and for a time to subdue 
and captivate the student too entirely for sober reflection 
and rigorous examination. In the first^iustance consist- 
ency passes for truth. When principles in some instances 
have proved sufficient to give an unexpected explanation 
of facts, the delighted reader is content to accept as 
true all other deductions from the priucipfesr Spepious 
* Mackintosh, Dismtation on Ethical Science. 
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premises being assumed ta be true, nothing more can be 
required than logical inference. Mathematical forms 
pass current as the equivalent of mathematical certainty. 
The unwary admirer Is satisfied with the completeness 
and symmetry of the plan of his house, unmindful of the 
need of examining the firmness of the foundation and the 
soundness of the materials. The system-maker, like the 
conqueror, long dazzles and overawes the world; hut 
when their sway is past, the vulgar herd, unable to 
measure their astonishing faculties, take revenge by 
trampling on fallen greatness.” Bacon had showed his 
wisdom in his reflections on this subject, when he said 
that “Method, carrying a show of total and perfect 
knowledge, hath a tendency to generate acquiescence.” 

The main value of Descartes’ physical doctrines con- 
sisted in their being arrived at in a way inconsistent with 
his own professed methocl, namely, by a reference to 
observation. But though he did in reality begin from 
facts, his system was nevertheless a glaring exam)ilc 
of that error which Bficon hvnX caW'A Anticipation ; tliat 
illicit generalization which .leajis at once from special 
fects to principles of the widest and remotest kind ; such, 
for instance, as the Cartesian doctrine, that the world is 
an absolute flenum, every part being full of matter of 
some kind, and that all natural effects depend on the 
laws of motion. Against this fault, to which the human 
mind is^o prone. Bacon had lifted his warning voice 
in vain, so far as the Cartesians were concerned ; as indeed, 
to this day, one theorist after another pursues his course, 
and turns a deaf ear to the Verulamian injunctions ; per- 
haps even cpmplacently boasts that he founds his theory 
upon observation; and forgets that there are, as the 
’aphorism of the Novum Organon declares, two ways by 
which this may be done ; — the one hitherto in use and 
suggested by our common tendencies, but barren and 
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worthless ; the other almost untried, to he pursued only 
with effort and self-denial, but alone capable of producing 
true knowledge. 

III. Gassendi . — Thus the lessojis which Bacon taught 
were far from being generally accepted and applied at 
first. The amount of the influence of these two men. 
Bacon and Descartes, upon their age, has often been a 
subject of discussion. The fortunes of the Cartesian 
school, have been in some measure traced in the History 
of Science. But I may mention the notice taken of these 
two philosophers by Gassendi, a contemporary and coun- 
tryman of Descartes. Gassendi, as I have elsewhere 
stated,* was associated with Descartes in public opinion, 
us an opponent of the Aristotelian dogmatism ; but was 
not in fact a follower or })rofound admirer of that writer. 
In h Treatise on Logic, Gassendi gives an account of the 
Logic of various sects and auflrors ; treating, in order, of 
the Logic of Zeno (the Eleatic), of Euclid (the Mega- 
rean), of Plato, of Aristotle, of the Stoics, of Epicurus, 
of Lullius, of Ramus ; and to these ho adds the Logic of 
Vcrulam, and the Logic of Cartesius. “ We must not,” he 
says, “on account of the celebrity it has obtained, pass 
over the Organon or Logic of Francis Bacon Lord Veru- 
lam. High Chancellor of England, whose noble purposp 
in our time it has been, to make an Instauration of the 
Sciences.” He then gives a brief account of the Novum 
noticing the principal features in its julos, and 
especially the distinction between the vulgar induction 
which leaps at once from particular experiments to the 
more general axioms, and the chastised and gradual in- 
duction, which the author of the Organon ^recommends. 
In his account of the Cartesian Logic, he justly observes, 
that “He too imitated Verulam in this, that being about 
to build up a new philosophy from the foundation, he 

* Hist. Ind. Set., ii. 137. 
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wished in the first place to lay aside all prejudice : and 
having then found some solid principle, to make that tlio 
ground-work of his whole structure. But he proceeds 
by a very different path from that which Verulam follows ; 
for while Verulam seeks aid from things, to perfect the 
cogitation of the intellect, Cartesius conceives, that when 
we have laid aside all knowledge of things, there is, in our 
thoughts alone, such a resource, that the intellect may hy 
its own power arrive at a perfect knowledge of all, even 
the most abstruse things.” 

The writings of Descartes have been most admired, 
and his method most commended, by those authors who 
have em])loyed themselves upon metaphysical rather than 
physical subjects of inquiry. Perhaps we might say that, 
in reference to such subjects, this method is not so vicious 
as at first, Avhen contrasted with the Baconian induction, it 
seems to be : for it might be urged that the tJmights from 
which Descartes begins his reasonings are, in reality e.r- 
periments of the kind whi®h the subject requires us to 
consider: each such Thought is a fact in the intellectual 
world; and of such facts, the metaphysician seeks to 
discover the laws. I shall not here examine the validity of 
this plea; but shall turn to the consideration of the actual 
progress of physical science and its effect on men’s minds. 

IV. Actual progress in Science . — The practical discover- 
ers were indeed very active and very successful during the 
seventeenth century which opened with Bacon’s survey 
and exhortations. The laws of nature, of which men had 
begun to obtain a glimpse in the preceding century, were 
investigated with zeal and sagacity, and the consequence 
was that the foundations of most of the modern physical 
sciences were laid. That mode of research by experiment 
and observation, which had, a little time ago, been a 
strange, aifd to many, an unwelcome innovation, was now 
become the habitual course of philosophers. The revolu- 
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tion from the philosophy of tradition to the philosophy 
of experience was completed. The great discoveries of 
Kepler belonged to the preceding century. They are 
not, I believe, noticed, either by Bacon or by Descartes ; 
but they gave a strong Impulse to astronomical and me- 
chanical speculators, by showing the necessity of a sound 
science of motion. Such a science Galileo had already 
begun to construct. At the time of which I speak, his 
disciples* were still labouring at this task, and at other 
problems which rapidly suggested themselves. They had 
already convinced themselves that air had weight; in 
1043 Torricelli proved this practically by the invention 
of the Barometer; in 1047, Pascal proved it still further 
by sending the Barometer to the top of a mountain. 
Pascal and Boyle brought into clear view the fundamental 
laws of fluid equilibrium; Boyle and Mariotte determined 
the law of the compressio?i of air as regulated by its elas- 
ticity. Otto Guericke invented the air pump, and by 
his “ Magdeburg Experimeirts ” on a vacuum, illustrated 
still further the eftects of the air. Guericke pursued what 
Gilbert had begun, the observation of electrical i)heno- 
inena; and these two physicists made an important step, 
by detecting I’epulsion as ■well as attraction in these phe- 
nomena. Gilbert had already laid the foundations of the 
science of Magnetism. The law of refraction, at which 
Ke])ler had laboured in vain, was, as we have seen, dis- 
covered by Snell (abont 1621), and published by Descartes. 
Merseune had discovered some of the more important 
parts of the theory of Harmonics. In sciences of a dilFer- 
ent kind, the same mov^eut was visible. Chemical 
doctrines tended to assume a pro})er, degree of generality, 
when Sylvius in 1679 taught the opposition of acid and 

alkali, and Stahl, soon after, the phlogistic theory of com- 

^ * 

* Castelli, Torricelli, Yiviani, Baliani, Gassendi, Mersenne, Borelli, 
Gavalleri. 
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bustion. Steno had remarked the most important law of 
crystallography in 1669, that the angles of the same kind 
of crystals are always equal.* In the sciences of classi- 
fication, about 1680, Ray and Morison in England 
resumed the attempt to form a systematic botany, which 
had been interrupted for a hundred years, from the tinu! 
of the memorable essay of Ccesalpinus. The grand dis- 
covery of the circulation of the blood by Harvey about 
1619, was followed in 1651 by Pecquet’s discovery of the 
course of the chyle. There could now no longer be any 
question whether science was progressive, or whether 
observation coul(J lead to new tniths. 

Among these cultivators of science, such sentiments as 
have been already quoted became very finniliar; — that 
knowledge is to be sought from nature herself by obser- 
vation and experiment ; — that in such matters tradition 
is of no force when opposed to cxjrerience, and that mere 
reasonings without facts cannot lead to solid knowledge. 
But I do not know that wo find in these writers any inoiv 
special rules of induction and scientific research which 
have since been confirmed and universally adopted. 
Perhaps too, as was natural in so great a revolution, the 
writers of this time, especially the second-rate ones, were 
somewhat too prone to disparage the labours and talents 
of Aristotle and the ancients in general, and to overlook 
the ideal element of our knowledge, in their zealous study 
of phenomena. They urged, sometimes in an exaggerated 
manner, the superiority of modern times in all that regards 
science, and the supreme and sole importance of facts in 
scientific investigations. There prevailed among them 
also a lofty and dignified tone of speaking of the condition 
and prospects of science, such ks we are accustomed to 
admire in the Verulamian writings; for this, in a loss 
degree, is %idemic among those who a little after his 
time speak of the new philosophy. 
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V. Otto Ouoricke, ^c.—l need not illustrate these 
characteristics at any great length. I may as an example 
notice Otto Guericke’s Preface to his Experimenta Map- 
(lohurgica (1670). He quotes a passage from Kircher’s 
Treatise on the Magnetic Art, in which the author says, 
“ Hence it appears how all philosophy, except it be sup- 
ported by ex 2 )oriments, is empty, fallacious, and useless ; 
vliat monstrosities jihilosoiihers, in other respects of the 
highest and subtlest genius, may produce in philosophy by 
neglecting experiment. Thus Experience alone is the 
Dissolver of Doubts, the Reconciler of Difficulties, the 
sole Mistress of Truth, who holds a torch before us in 
obscurity, unties our knots, teaches us the true causes of 
things.” Guericke himself reiterates the same remark, 
adding that “ philosophers, insisting upon their own 
thoughts and arguments merely, cannot come to any 
sound conclusion respecting the natural constitution of 
the world.” Nor were the Cartesians slow in taking up 
the same train of reflection. Thus Gilbert Clark who, in 
1060, published*’ a defence of Descartes’ doctrine of a 
plemm in the universe, speaks in a tone which reminds 
us of Bacon, and indeed was very probably caught from 
him. “ Natural philosojfliy formerly consisted entirely of 
loose and most doubtful controversies, carried on in high 
sounding words, fit rather to delude than to instruct men. 
But at last (by the favour of the Deity) there shone forth 
some more divine intellects, u'ho taking as their counsel- 
lors reason and experience together, exhibited a new 
method of philosophizing. Hence has been conceived a 
strong hope that irhilosojrhcrs may embi’ace, not a shadow 
or empty image of Truth, but Truth herself: and that 
Physiology (Physics) scattering these controversies to the 


* De Plenitudim Mundi, in qm defemlitur Cartesiam Philoaophia 
Contra scHtefitias Fraiicisci Uacoui^ Th, IlobOii ct Sethi Wavdi* 
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winds, will contract an alliance with Mathematics. Yet 
this is hardly the work of one age ; still less of one man. 
Yet let not tlie mind despond, or doubt not that, one 
party of investigators after another following the same 
method of philosophizing, at last, under good auguries, 
the mysteries of nature being daily unlocked as far as 
human feebleness will allow, Truth may at last appear in 
full, and these nuptial torches may bo lighted.” 

As another instance of the same kind, I may quote 
the Preface to the First volume of the Transactions of 
the Academy of Sciences at Pai-is. “ It is only since tlie 
present century,” says the writer, “ that we. can reckon 
the revival of JMathcmatics and Physics. M. Descartes 
and other great men have laboured at this work with so 
much success, that in this department of literature, the 
whole face of things has been changed. Men have quitted 
a stei^e system of jihysics, which for several generations 
had been always at the same point ; the reign of words 
and terms is passed ; men will have things ; they estab- 
lish principles which they understand, they follow those 
princijrles ; and thus they make progress. Authority has 
ceased to have more M eight than Reason : that whicdi 
was received without contradiction because it had been 
long received, is now examined, and often rejected : and 
philosophers have made it their business to consult,, res- 
pecting natural things. Nature herself rather than the 
Ancjpnts.” These had now become the commonplaces of 
those who spoke concerning the course and method of the 
Sciences. • 

VI. Hooke , — In England, as might be expected, tlie 
influence of Francis Bacon was more directly visible. We 
find many writers, about this time, repeating the truths 
which Bacon had proclaimed, and in almost eveiy case 
showing tlfe same imperfections in their views whicli Ave 
have noticed in him. We may take as an example ot 
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this Hooke’s Essay, entitled “ A General Scheme or Idea 
of the present state of Natural Philosophy, and how its 
defects may be remedied by a Methodical proceeding in 
the making Experiments and collecting Observations ; 
whereby to compile a Natural History as a solid basis for 
the superstructure of true Philosophy.” This Essay may 
be looked upon as an attempt to adapt the Novtim Or- 
ganon to the age which succeeded its publication. We 
have in this imitation, as in the oidginal, an enumeration 
of various mistakes and impediments which had in pre- 
ceding times prevented the progress of knowledge ; ex- 
hortations to experiment and observation as the only solid 
basis of Science ; very ingenious suggestions of trains of 
inquiry, and modes of pursuing them ; and a promise of 
obtaining scientific truths when facts have been duly 
accumulated. This last part of his scheme the author 
calls a Philosophical Algebra; and he appears tq have 
imagined that it might answer the purpose of Ending- 
unknown causes from known facts, by means of certain 
regular processes, in the same manner as Common Alge- 
bra finds unknown from known quantities. But this part 
of the plan appears to have remained unexecuted. The 
suggestion of such a method was a result of the Baconian 
notion that invention in a discoverer might be dispensed 
with. We find Hooke adojrting thejihrases in whicli this 
notion is implied : thus he speaks of the understanding 
as “ being very prone to run into the affirmative way of 
judging, and wanting patience to follow and prosecute 
the negative way of inquiry, by rejection of disagreeing 
natures.” And he follow's Bacon also in the error of 
attempting at once to obtain from the facts the discovery 
of a “ nature,” instead of investigating first «the measures 
and the laws of phenomena. I return to more general 
notices of the course of men’s thoughts on this subject. 

VII. Royal Society Those who associated themselves 
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togfether for the prosecution of science quoted Bacon as 
their leader, and exulted in the progress made by the phi- 
losophy •which proceeded upon his principles. Thus in 
Oldenburg’s Dedication of the Transactions of the Royal 
Society of London for 1670, to Robert Boyle, he says ; 
“ I am informed by such as well remember the best and 
worst days of the famous Lord Bacon, that though ho 
wrote his AdmncemeM of Learning and his Instauratio 
Magna in the time of his ifreatest power, yet his greatest 
reputation rebounded first from the most intelligent 
foreigners in many parts of Christendom:” and after 
speaking of his practical talents and his public employ- 
ments, he adds, “ much more justly still may we wonder 
how, without any great sMil in Chemistry, without much 
]»retence to the Matlioniatics or Mechanics, without optic 
aids or other engines of late invention, he should so imudi 
transcend the philosophers then living, in judicious 
and clear instructions, in so many useful observutioji^ 
and discoveries, I think I may say beyond the records of 
many ages.” And in the end of the Preface to the same 
volume, he speaks with great exultation of the advance 
of science all over Europe, referring undoubtedly to facts 
then familiar. “ And now let envy snarl, it cannot stop 
the wheels of active philosophy, in no jrart of the knowji 
world; — not in France, either in Paris or in Caen -not 
in Italy, either in Rome, Naples, MUflin, Florence, Venice, 
Bononia or Padua; — in none of the Universities either on 
this Or on that side of the seas, Madrid and Lisbon, all 
the best spirits in Spain ^and Portugal, and the spacious 
and remote dominions to them belonging ; — the Imperial 
Court and the Princes of Germany ; the Northern Kings 
and their best luminaries ; and even the frozen Moscovito 
and Russian have all taken the operative ferment : and 
it works high and prevails every way, to the encourage- 
ment of all sincere lovers of knowledge and virtue.” 
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Again, in the Preface for 1672, he pursues the same 
thought into detail. “We must grant that in the last 
age, when operative philosophy began to recover ground, 
and to. tread on the heels of triumphant Philology; emer- 
gent adventures and great successes were encountered 
by dangerous oppositions and strong obstructions. Gali- 
Iseus and others in Italy suffered extremities for their 
celestial discoveries; and herd in England Sir Walter 
Raleigh, when he was in his^greatcst lustre, was noto- 
riously slandered to have erected a school of atheism, 
because he gave countenance to chemistry, to practical 
arts, and to curious mechanical operations, and designed 
to form the best of them into a college. And Queen 
Elizabeth’s Gilbert was a long time esteemed extra- 
vagant for his magnetisms ; and Harvey for his diligent 
researches in pursuance of the circulation of the blood, 
lint when our renowned Lord Bacon had demonstrated 
the methods for a perfect restoration of all parts of real 
knowledge ; and the generous and j)hilosophical Peii’c- 
skius had, soon after, agitated in all parts to redeem the 
most instructive antiquities, and to excite oxj)crimontal 
essays and fresh discoveries; the success became on a 
sudden stupendous; and effective philosophy began to 
sparkle, and even to flow into beams of shining light all 
over the world.” 

The foi-mation of the Royal Society of London and 
of the Academy of Sciences of Paris, from which pro- 
ceeded the declamations just quoted, were among many 
indications, belonging to this ^period, of the importance 
which states as well as individuals had by this time 
begun to attach to the cultivation of science. The 
English Society was established almost* immediately 
when the restoration of the monarchy appeared to give a 
promise of tranquillity to the nation (in IGOp), and the 
French Academy very soon afterwards (in 1666). These 
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measures were very soon followed by the establishment 
of the Observatories of Paris and Greenwich (in 16G7 
and 1675); which may be considered to be a kind of public 
recognition of the astronomy of observation, as an object 
on which it was the advantage and the duty of nations 
to besto\y their wealth. 

VIII. BacorCs New Aialantis. — When philosophers had 
their attention turned to the boundless prospect of increase 
to the krtowledge and powrs and pleasures of man whieli 
the cultivation of experimental philosophy seemed to ])ro- 
mise, it was natural that they should think of devising 
institutions and associations by which such benefits might 
be secured. Bacon had drawn a picture of a society 
organized with a view to siurfi purj^ose, in his fiction of the 
“New Atalantis.” The imaginary teacher who exjdains 
this institution to the inquiring traveller, describes it ity 
the name of Solomon's House; and says *, “ The end of our 
foundation is the knowledge of causes and secret motions 
of things ; and the enlarging the bounds of tlie human 
empire to effecting of things possible.” And, as jwi'ts 
of this House, he describes caves and wells, charahers 
and towers, baths and gardens, jiavks and pools, dispen- 
satories and furnaces, and many other contrivances, pro- 
vided for Hie purpose of making experiments of many 
kinds. He describes also the various employments of the 
Fellows of this College, who take ’'R share in its re- 
searmies. Tho^e are merchants of light, who bring books 
and inventions i^om foreign countries ; depredators, who 
gather the experiments which exist in books *, mystenp 
men, who collect the experiments of the mechanical arts ; 
pioneers or miners, yvho invent- new experiments; and 
compiler's, “ wjio draw the experiments of the former into 
titles and tables, to give the better light for the drawing 
of observations and axioms opt of them.” There are 

Bacon’s Workt, vol. ii. HI. 
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nlso dowry-men or benefactors, that cast about how to 
draw out of the experiments of their fellows things of 
use and practice for man’s life ; lamps, that direct new 
experiments of a more penetrating light flian the former; 
inoctilators, that execute the experiments so directed. 
Finally, there are the interpreters of nature, that raise the 
former discoveries by experiments into greater obser- 
vations (that is, more general truths) axioms and ajihor- 
isins. Upon this scheme vie may remark, that tictitious 
as it undisguisedly is, it still serves to exhilut very 
clearly some of the main features of the authors philo- 
sophy: — namely, his steady view of the necessity of 
ascending from facts to the most general truths by se- 
veral stages ; — an exaggerated opinion of the aid that 
could be derived in such a task from technical separation 
of the phenomena and a distribution of them into 
tables ; — a belief, probably incorrect, that the offices of 
experimenter and interpreter may be entirely separated, 
and pursued by different persons Avith a certainty of 
obtaining success; — and a strong determination to make 
knowledge constantly subservient to the uses of life. 

IX. Cowley. — Another project of the same kind, less 
ambitious but apparently more directed to practice, was 
published a little later (1G57) by another eminoit man 
of letters in this coy^itry. I speak of Cowley’s “ Propo- 
sition for the Advancement of Experimental Philosophy.” 
lie suggests that a College should be established at a 
short distance from London, endowed vv^tlx a revenue 
of four thousand pounds, and consisting of twenty pro-' 
fossors with other members. The objects of the labours 
of these professors ho describes to be, first,' to examine 
all knowledge of nature delivered to us from former 
*>gos and to pronounce it sound or 'W'orthless ; second, to 
recover the lost inventions of the ancients f third, to 
improve all arts that wo now have ; lastly, to discover 
VOL. II. 
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Others that we yet have not. In this proposal we cannot 
help Markings tlie visible declension from Bacon’s more 
philosophical view. For we have here only a very vague 
indication of improving old arts and discovering new, 
instead of the two clear Verulamian antitheses, Expe- 
riments and Axioms deduced from them, on the one 
hand, and on the other an ascent to general Laws, and a 
derivation, from these, of Arts for daily use. Moreover 
the prominent place which Cowley has assigned to the 
verifying the knowledge of former ages and recovering 
“ the lost inventions and drowned laws of the ancients,” 
implies a disiwsition to think too highly of traditionary 
knowledge; a weakness which Bacon’s scheme shoAvs 
him to liave fully overcome. And thus it has been up 
to the iiresent day, that Avith all Bacon’s mistakes, in the 
philosophy of scientific method few have come up to 
him, and perhaps none have gone beyond him. 

CoAvley exerted himself to do justice to the neAV plii- 
losophy in A'erse as AA'ell as prose, and his Poem to the 
Royal Society expresses in a very noble manner those 
vicAvs of the history and prospects of philosophy Avhich 
preA\ailed among the men by Avhom the Royal Society 
Avas founded. The fertility and ingenuity of comparison 
Avhich characterise CoAvley’s poetry are avcU known ; ami 
these qualities are in this instance largely employed for 
the embellisb|ncnt of his subject. Many of the com- 
parisons Avhicli he exhibits are apt and striking. Philo- 
sophy is a w’ard Avhose estate (human knowledge) is, in 
his nonage, kept from him by hi^ guardians and tutors; 
(a case which the ancient rhetoricians were fond of 
taking as ^ subject of declamation;) and these wrong- 
doers retain him in unjust ^tutelage and constraint for 
their own purposes ; until 

Bacon at last, a mighty man, arose, 

(Whom a Avise King, and Nature, chose 
I>or<l Chancellor of both their laws,) 

And boldly undertook the injured pupil's cause. 
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Again, Bacon is one who breaks a scarecrow Priapus 
which stands in the garden of knowledge. Again, .Bacon 
* is one who, instead of a picture of painted grapes, gives 
ns real grapes from which W'e press “ the thirsty soul’s 
refreshing wine.” Again, Bacon is like Moses, who led 
the Hebrews forth from the barren wildemes®, and 
ascended Pisgah; — 

Did on the very border stand 
Of the blest promised land, 

And from the mountain’s top of his exalted wit 
Saw it liimsclf and showed us it. 

The poet however adds, that Bacon*- discovered, but 
did not conquer this new world ; and that the men 
whom he addresses must subdue these re<rions. These 
“champions” are then ingeniously compared to Gideon’s 
band : 

Their old and empty pitchers first tliey bralco 
And with their hands then lifted up the light. 

Tlicre were still at this time some who sneered at or 
condemned the new philosophy; but the tide of popular 
opinion Avas soon strongly in its favour. I have else- 
where* noticed a pasquinade of the poet Boileau in 
1G82, directed against the Aristotelians. At this time, 
and indeed for long aftoiwards, the philosophers of France 
were Cartesians. The English men of science, although 
partially and for a time they accepted some of Descartes’ 
opinions, for the most part carried on the reform inde- 
l>endently, and in pursuance of their own views. And 
they very soon found a much greater leader than Des- 
cartes to place at thejr head, and to take as their au- 
thority, so far as they acknowledged authority, in their 
speculations. I speak of Newton, wdiose influence upon 
the philosophy of science I »iust now considet. 

* Hist. Ind, ScL, ii. 137. 
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Chapter XIII. 

NEWTON. 

1. Bold aud extensive as had been the anticipations 
of those whose minds were excited by the promise of the 
new jdiilosophy, the discoveries of Newton respecting 
the mechanics of the universe, brought into view truths 
more general and profound than tlioso earlier philoso- 
phers had hoped or imagined. With these vast acces- 
sions to human knowledge, men’s thoughts M’erc again 
set in action ; and i)hilosophers made earnest and various 
attempts to draw, from these extraordinary advances in 
science, the true moral with regard to the conduct and 
limits of the human understanding. , They not only cn- 
deavonred to verify and illustrate, by these new ]>ortions 
of science, wdiat had recently been taught concerning the 
methods of obstaining sound-^inowlcdge ; but they Avere 
also led to sj>eculate concerning many new and more 
interesting questions relating to this subject. They saw, 
for the first time, or at least far more clearly than 
before, the distinction between the inquiry into the laws, 
and jnto the causes of phenomena. Tliey were temj)tod 
to ask, how far the discovery of causes could be carried ; 
and whether it would soon reach, or clearly jioint to, the 
ultimate cause. They were driven to consider whether 
the properties which they discovered were essential pro- 
perties of all matter, nece.ssarily and primarily involved 
in its essence, though revealed to us at a late period by 
their derivative effects. These questions even now agi- 
tato the tlfoughts of speculative men. Some of them 
have already, in , this work, been discussed, or arranged 
in the places which our view of the philosophy of those 
subjects assigns to them. But we must here notice them 
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as they occurred to Newton himself and his immediate 
followers. 

2. The general Baconian notion of the method of 
philosophizing, that it consists in ascending from pheno- 
mena, through various stages of generalization, to truths 
of the highest order, received, in Newton’s^ discovery of 
the universal mutual gravitation of every particle of 
matter, that pointed actual exemplification, for want of 
which it had hitherto been almost overlooked, or at 
least very vaguely understood. That great truth, and 
the steps by which it was established, aiford, even now, 
by far the best example of the successive ascent, from 
one scientific truth to another, — of the repeated tran- 
sition from less to more general propositions, — which we 
can yet produce ; as may be seen in the Table which 
exhibits the relation of these steps in Book XI. Newton 
himself did not fail to recognize this feature in the 
truths which he exhibited. Thus, he says*, “By the way 
of Analysis we proceed from compounds to ingredients, 
as from motions to the forces producing them; and in 
general, from effects to their causes, and from particular 
causes to more general ones, till the argument end in the 
most general.” And in like manner in another Queryf ; 
“ The main business of natural philosophy is to argue 
from phenomena without feigning hypotheses, and to 
deduce causes from effects, till we come to the First 
Cause, W'hich is certainly not mechanical.” 

3. Newton appears to have had a horror of the term 
hypothesis, which probably arose from his acquaintance 
with the rash and illicit general assumptions of Descartes. 
Thus in the passage just quoted, after declaring that 
gravity must have some other cause than "matter, he 
says, “ Later philosophers banish the .consideration of 
such a cause out of Natural Philosophy, feigning hypo- 

t Qu. 28. 


* Optics, Qu. 31, near ^lio ejul. 
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theses for explaining all things mechanically, and referring 
otllfer cauScs to metaphysics.” In the celebrated Scho- 
lium at the end of the Principia, he says, “ Whatever is 
not deduced from the phenomena, is to be termed hypo- 
thesis. : and hypotheses, whether metaphysical or physical, 
of occult causes, or mechanical, have no place in experi- 
mental philosophy. In' this philosophy, propositions are 
deduced from phenomena, and rendered general by induc- 
tion.” And in anotlier place, he arrests the course of liis 
oyn soggeStidns, saying, “Verum hypotheses non fingo.” 
I have already attempted to show that this is, in reality, 
a superstitious and self-destructive spirit of speculation. 
Some hypotheses are necessary, in order to connect the 
facts which pe observed ; some new principle of unity 
must be applied to the jdienomena, before induction can 
be attempted. What is requisite is, that the hypothesis 
should be close to the facts, and not connected with theiu 
by other arbitrary and untried facts; and that the philoso- 
pher should be ready to resign it as soon as the facts refuse 
to confirm it. We have^seen in the History, that it was by 
such a use of hypotheses, that both Newton himself, and 
Kepler, on whoso discoveries those of Newton were 
based, made their discoveries. Tlie suppositions of a force 
tending to the sun and varying inversely as the square of 
the distance ; of a mutual force between all the bodies of 
the solar systen^; of the force of each body arising from 
the attraction of all its parts ; not to mention others, also 
propounded by Newton, — were all hypotheses before they 
were verified as theories. It is related that when New- 
ton was asked how it was that he saw into the laws of 
nature so much further than other men, he replied, tliat 
if it were so, it resulted from his keeping his thoughts 
steadily ocouj)ied upon the subject which was to be thus 
penetrate?!. But what is this occupation of the thoughts, 
if it be not the process of keeping the phenomena clearly 
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in view, and trying, one after another, all the plausible 
hypotheses which seem likely to connect them, till at last 
the true law is discovered ? Hypotheses so used are a 
necessary element of discovery. 

4. With regard to the details of the process of dis- 
covery, Newton has given us some of his views, which are 
well worthy of notice, on account of their coming from 
him ; and which are real additions to the philosophy of 
this subject. He speaks repeatedly* of the analysis and 
synthesis of observed facts ; and thus marks certain steps 
in scientific research, very important, and not, I think, 
clearly j)ointed out by his predecessors. Thus he says*, 
“As in Mathematics, so in Natural Philosophy, the 
investigation of difficult things by the method of analysis 
ought ever to precede the method of composition. This 
analysis consists in making experiments and observations, 
and in drawing general conclusions from them by induc- 
tion, and admitting of no objections against the conclu- 
sions, but such as are taken from experiments or other 
certain truths. And although the arguing from experi- 
ments and observations by induction be no demonstration 
of general conclusions ; yet it is the best way of arguing 
which the nature of things admits of, and may be looked 
upon as so much the stronger, by how much the induction 
is more general.” And he then observes, as we have 
quoted above, that by this way of analysis we proceed 
from comi^ounds to ingredients, from motions to forces, 
from effects to causes, and from less to more general 
causes. The analysis here spoken of includes the 'steps 
which in this work we call the decomposition of facts, 
the exact observation and measurement o£ the . pheno- 
mena, and the colligation of facts; the necessary in- 
termediate step, the selection and e.vplicdlim of the 
appropriate conception, being passed over, in the fear of 

* 0 />., Qu. 31. 
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seeming to encourage the fabrication of hypotheses. The 
si/nthcsis of which Newton here speaks consists of those 
steps of deductive reasming, proceeding from the con- 
ception once assumed, which are requisite for the compa- 
rison of its consequences with the observed facts. This 
statement of tlie process of research, is, as far as it goes, 
perfectly exact. 

5. In speaking of Newton’s precepts on the subject, 
we arc naturally led to the celebrated “ Rules of Philo- 
sophizing,” inserted in the second edition of the Prvncipia. 
These rules have generally been quoted and commented 
on with an almost unquestioning reverence. Such Rules, 
coming from such an authority, cannot fail to bo highly 
interesting to ns; but at the same time, we cannot here 
evade the jiccessity of scrutinizing their truth and value, 
according to the principles which our survey of this 
subject has brought into view. The Rules stand at the 
beginning of that part of the Principia (the Third Book) 
in which ho infers the mutual gravitation of the sun, 
moon, planets, and all p^ts of each. They are as follows : 

“ Rule I. We are not to admit other causes of natural 
things than such as both are true, and suffice for ex])!ain- 
ing their phenomena. 

“Rules ir. Natural effects of the same kind are to 
be referred to the same causes, as far as can be done. 

“Rule III. (|ualitics of bodies which cannot be 
increased or diminished in intensity, and which belong to 
all bodies in which wo can institute experiments, are to 
be held for qualities of all bodies whatever. 

“ Rule IV. In experimental philosophy, propositions 
collected froip phenomena by induction, are to be hold as 
tnie either accurately or approximately, notwithstanding 
contrary hypotheses; till other phenomena occur by 
which they may be rendered either more accurate or 
liable to exception.” 
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In considering these Rules,.we cannot help remarking, 
in the first place, that they are constructed with an inten- 
tional adaptation to the case with which Newton has to 
deal, — the induction of Universal Gravitation ; and are 
intended to protect the reasonings before which they 
stand. Thus the first Rule is designed to strengthen the 
inference of gravitation from the celestial phenomena, by 
describing it as a vera causa,, a true cause ; the second 
countenances the doctrine that the ])lauetary motions are 
governed by mechivnical forces, as terrestrial motions are ; 
the third rule a]>pcars intended to justify the assertion of 
gravitation, as a universal quality of bodies ; and the 
fourth contains, along with a general declaration of the 
authority of induction, the author’s iisual protest against 
hypotheses, levelled at the Cartesian hypotheses especially. 

0. Of the First Rule, — We, howcAor, must consider 
these Rules in their general .‘ipplication, in which point 
of view they have often be('n referred to, and have 
had very great authority allowed them. One of the 
points which has been most ,jliscussed, is that maxim 
which requires that the causes of ])henomena which wo 
assign should be true causes, ixrce causre. Of course this 
docs not mean that they should be the true or right 
cause ; for although it is the philosopher’s aim to discover 
such causes, he w'ould be little aided in his search of 
truth, by being told that it is truth ^'hich he is to seek. 
The rule has generally been understood to ])rescribo that 
in attem])tiug to account for any class of ]>henomcna, we 
must assume such causes only, as from other considerations, 
wo know to exist. Thus gravity, which was employed in 
explaining the motions of the moon and planets, was 
already known to exist and operate at the earth’s surface. 

Now the Rule thus inter})retcd is, I conceive, an 
injurious limitation of the field of induction. For it 
forbids us to look for a cause, except amolig the causes 
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with which Vo are already familiar. But if we follow this 
rule, how shall wo ever become acquainted with any new 
cause ? Or how do we know that the phenomena which 
we contemplate do really arise from some cause which 
we already truly know ? If they do not, must we still 
insist upon making’ them depend upon some of our known 
causes ; or must we abandon the study of them altoge- 
ther ? Must we, for examine, resolve to refer the action 
of radiant heat to the air, rather than to any peculiar 
fluid or ether, because the former is known to exist, the 
latter is merely assumed for the purpose of explanation? 
But why should we do this ? Why should we not endea- 
vour to learn the cause from the effects, even if it be not 
already known to us ? We can infer causes,* which are 
new when w'e first ffbeame acquainted with them. Che- 
mical Forces, Optical Forces, Vital Forces, are known to 
us only by chemical and optical and vital phenomena; must 
we, therefore, reject their existence or abandon their 
study ? They do not conform to the double condition, 
that they shall be sulficieijt and also real : they arc true, 
only so far as they explain the facts, but are tliey, there- 
fore, unintelligible or useless? Are they not highly im- 
portant and instructive subjects of speculation? And if 
the gravitation which rules the motions of the planets 
had not existed at the earth’s surface ; — if it had been 
there masked and* concealed by the superior effect of 
magnetism, or some other extraneous force, might not 
Newton still have inferred, from Kepler’s laws, the ten- 
dency of the planets to the sun ; and from their pertur- 
bations, their tendency to each other? Ilis discoveries 
would still have been immense, if the cause which he 
assigned had not been a vo'a causg, in the sense now 
contemplated. 

7. But what do we mean by calling gravity a “ true 
cause ?” How do we learn its reality ? Of course, by its 
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effects, with which M'e are familiar by the height and 
fall of bodies about us. These strike even the most 
careless observer. No one can fail to see that all bodies 
which we come in contact with are heavy ; — that gravity 
acts in our neighbourhood here upon earth. Hence, it 
may be said, this cause is at any rate a true cause, whether 
it explains the celestial phenomena or not. 

But if this bo wdiat is meant by a vera causa, it appears 
strange to require that in all cases we should find such a 
one to account for all classes of phenomena. Is it rea- 
sonable or prudent to demand that w'e shall reduce every 
set of phenomena, however minute, or abstruse, or com- 
plicated, to causes so obviously existing as to strike the 
most incurious, and to bo familiar among men? How 
can we expect to find such vercB causa; for the "delicate 
and recondite phenomena whicli an exact and skilful 
observer detects in chemical, or optical, or electrical 
experiments? The facts themselves are too fine for 
vulgar apprehension; their relations, their symmetries, 
their measures require a previous discipline to understand 
them. How then can their causes be found among those 
agencies with which the common unscientific herd of 
mankind are familiar? What likelihood is there that 
causes held for real by such persons, shall explai^i fiicts 
which such persons cannot see or cannot understand ? 

Again : if we give authority to such, a rule, and require 
that the causes by which science explains the facts which 
she notes and measures and analyses, shall be causes 
which men, without any special study, have already come 
to believe in, from the effects which they casually see 
around them, what is this, except to make our first rude 
and unscientific persuasions the criterion and test of our 
most laborious and thoughtful inferences? What is it, 
but to give to ignorance and thoughtlessness the right of 
pronouncing upon the convictions of intense study and 
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long djscljjiined tliought? “Electrical atmospheres’ 
surrounding electrized bodies, were at one time held to 
be a “ true cause” of the effects which such bodies produce. 
These atmospheres, it was said, are obvious to the senses ; 
we feel them like a spider’s web on the hands and face, 
.^pinus had to answer such persons, by proving that there 
are no atmospheres, no effluvia, but only repulsion. 
He thus, for a true cause in the vulgar sense of the term, 
substituted an hypothesis ; yet who doubts that what ho 
did M’as an advance in the science of electricity ? 

8. Perhaps persons may be disposed to say, that 
Newton’s Rule does not enjoin us to take those causes 
only which we clearly know, or suppose we know, to be 
really existing and operating, but only causes of such kinds 
as we have already satisfied ourselves do exist in nature. 
It may bo urged that we are entitled to infer that the 
planets are governed in their motions by an attractive 
force, because we find, in the bodies ifnmediately subject to 
observation and experiment, that such motions are produced 
by attractive forces, for example by that of the eax’th. It 
may be said that we might on similar grounds infer forces 
which unite particles of chemical compounds, or deflect 
particles of light, because we see adhesion and deflection 
produce<l by forces. 

But it is easy to show that the Rule, thus laxly un- 
deretood, loses all significance. It prohibits no hypothe- 
sis ; for all hypotheses sui)pose causes such as, in sonic 
case or other, we have seen in action. No one would think 
of explaining phenomena by referring them to forces and 
agencies altogether different from any which are known; 
for on this supposition, how could he pretend to reason 
about the eftecls of the assumed causes, or undertake to 
prove that they would exphain the facts? Some close 
similarity with some known kind of cause is requisite, in 
order- that the hypothesis may have the appearance of an 
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explanation. No forces, or virtues, or syrapathies, or 
fluids, or ethers, would be excluded by this interpretation 
of verce causa. Least of all, would such an interpreta- 
tion reject the Cartesian hypothesis of vortices; winch 
undoubtodlj, as I conceive, Newton intended to condemn 
by his Rule. For that such a case as a whirling fluid, 
carrying bodies round a centre in orbits, does occur, is too 
obvious to require proof. Every eddying stream, or blast 
that twirls the dust in the road, exhibits examples of such 
action, and would justify the assumption of the vortices 
which carry the planets in their conrs^,; as indeed, with- 
out doubt, such facts suggested the Cartesian explanation 
of the solar system. The vortices, in this mode of con- 
sidering the subject, are at the least as real a cause of 
motion as gravity itself. 

t). Thus the Rule which enjoins “ true causes,” is nuga- 
tory, if we take vercB causa in the extended sense of any 
causes of a real Mnd, and unphilosophical if we under- 
stand the term of those very causes which we familiarly 
sujipose to exist. But it may be said that we are to 
designate as “ true causes,” not those which are collected 
in a loose, confused and precarious manner, by undisci- 
plined minds, from obvious phenomena, but those which 
are justly and rigorously inferred. Such a cause, it may 
be added, gravity is ; for the facts of the downward 
pressures and downward motions of bodies at the earth’s 
surface lead us, by the plainest and strictest induction, to 
the assertion of such a force. Now to this interpretation 
of the Rule there is no objection ; hut then, it must be 
observed, that on this view, terrestrial gravity is inferred 
by the same process as celestial gravitation ; and the 
cause is no more entitled to be called “ tru^,” because it is 
obtained from the former, than because it is obtained from 
the latter class of facts. We thus obtain an intelligible 
and tenable explanation of a vera caim ; but then, by this 
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explanation its verify ceases to be distinguishable from 
its other condition, that- it “suflSces for the explanation of 
the phenomena.” The assumption of universal gravitation 
accounts for the fall of a stone ; it also accounts for the 
revolutions of the Moon or of Saturn ; but sincQ both these 
explanations are of the same kind, we cannot with justice 
make the one a criterion or condition of the admissibility 
of the other.* 

10. But still, the Rule, so understood, is so far from 
being unmeaning or frivolous, that it expresses one of the 
most important ii|;gts which can be given of a sound 
physical theory, It is true, the explanation of one set of 
facts may be of the same nature as the explanation of the 
other class : but then, that the cause explains both classes, 
gives it a very different claim upon our attention and 
assent from that which it w’ould have if it explained one 
class only. The very circumstance that the two explana- 
tions coincide, is a most weighty presumption in their 
favour. It is the testimony of two witnesses in behalf of 
the hypothesis ; and in proportion as these two witnesses 
are separate and independent, the conviction produced by 
their agreement is more and more complete. When the 
explanation of two kinds of ])henomena, distinct and not 
apparently connected, leads us to the same cause, such a 
coincidence does give a reality to the cause, which it has 
not while it merely accounts for those appearances which 
suggested the supposition. Tliis coincidence of propo- 
sitions inferred from separate classes of facts, is exactly 
what we noticed in the last Book, as one of the most 
decisive characteristics of a true theory, under the name 
of the Consilience of Inductions. 

That Newton’s hirst Rule of Philosophizing, so under- 
stood, authorizes the inferences which he himself made, is 
really tlie ground on which they are so firmly believed 
by philosophers. Thus when the doctrine of a gravity 
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varying inversely as the square of the distance from the 
body, accounted at the same time for the relations of 
times and distances in the planetary orbits and for the 
amount of the moon’s deflection from the tangent of her 
orbit, such a doctrine became most convincing : or again, 
when the doctrine of the universal gravitation of all parts 
of matter, which explained so admirably the inequalities 
of the moon’s motions, also gave a satisfactory account of 
a phenomenon utterly different, the precession of the 
equinoxes. And of the same kind is the evidence in 
favour of the undulatory theory of light, when the as- 
sumption of the length of an undulation, to which we are 
led by the colours of thin plates, is found to be identical 
with that length which explains the phenomena of diffrac- 
tion; or when the hypothesis of transverse vibrations, 
suggested by the facts of polarization, explains also the 
laws of double refraction. When such a convergence of two 
trains of induction points to the same spot, we can no 
longer suspect that we arc wrong. Such an accumula- 
tion of proof really persuades us that we have to do with 
a vo'a causa. And if this kind of proof be multiplied ; — if 
we again find other facts of a' sort uncontemplated in 
framing our hypothesis, but yet clearly accounted for when 
we have adopted the supposition ; — we are still further 
confirmed in our belief; and by such accumulation of 
proof we may be so far satisfied, as to believe without 
conceiving it possible to doubt. In this case, when the 
validity of the opinion adopted by us has been repeatedly 
confirmed by its sufficiency in unforeseen cases, so that 
all doubt is removed and forgotten, the theoretical cause 
takes its place among the realities of the world, and 
becomes a true cause. 

11. Newton’s Rule then, to avoid mistakes, might be 
thus expressed ; That “ we may, provisorily, assume such 
hypothetical cause as will account for any given class of 
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natural phenomena ; but that when two different classes 
of facts lead us to the same hypothesis, we may hold it 
to be a true cause." And this Rule will rarely or never 
mislead us. There are no instances, in which a doctrine 
recommended in this manner has afterwards been discov- 
ered to be false. There have been hypotheses udiich have 
explained many phenomena, and kept their ground long, 
and have afterwards been rejected. But these have been 
hypotheses which explained only one class of phenomena ; 
and their fall took ])Iace wdien another kind of facts 
was examined and brought into conflict with the former. 
Thus the system of eccentrics and epicycles accounted for 
all the observed motions of the planets, and was the means 
of expressing and transmitting all astronomical knowledge 
for two thousand years. But then, how was it overthrown ? 
By considering the distances as well as motions of the 
libavenly bodies. Here was a second class of facts ; and 
when the system was adjusted so as to iigree with the one 
class, it was at variance with the other. These cycles and 
epicycles could not be true, because they could not be 
made a just representation of the facts. But if the mea- 
sures of distance as well as of position had conspired in 
jiointing out the cycles and epicycles, as the paths of the 
planets, the paths so determined could not have been 
otherwise than their real paths ; and the epicyclical theory 
would have been, at least geometrically, true. 

12. Of the Second Rule. — Newton’s tSecond Rule di- 
rects that “ natural events of the same kind are to he 
referred to the sn7ne catiscs, so far as can be done,” Such a 
precept at first appears to help us but little ; for all S 3 'S- 
tems, however little solid, profess to conform to such a 
rule. Whea'any theorist undertakes to explain a class 
of facts, he assigns causes which according to him, will by 
their natural action, as seen in other cases, produce the 
effects in question. The events which ho accounts for by 
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his hypothetical cause, are, he holds, of the same kind as 
those which such Otucause is known to produce. Kepler, 
in ascribing, the planetary motions to magnetism, Descar- 
tes, in explaining them by means of vortices, held that 
they were referring celestial motions to the causes which 
give rise to terrestrial motions of the same kind. The 
question is. Are the effects of the same kind? This once 
settled, there will be no question about the propriety of 
assigning them to the same cause. But the difficulty is, 
to determine whe^i events are of the same kind, Are the 
motions of the planets of the same kind with the motion 
of a body moving freely in a curvilinear path, or do they 
not rather resemble the motion of a floating body swept 
round by a whirling current? The Newtonian and the 
Cartesian answered this question differently. How then 
can we apply this Rule with any advantage? 

13. To this we reply, that there is no way of escaping 
this uncertainty and ambiguity, but by obtaining a clear 
possession of the ideas which our hypothesis involves, and 
by reasoning rigorously from them. Newton asserts that 
tlie planets move in free paths, acted on by certain forces. 
The most exact calculation gives the closest agreement 
of the results of this hypothesis with the facts. Descartes 
asserts that the planets are carried round by a fluid. The 
more rigorously the conceptions of force and the laws of 
motion are applied to this hypothesis, the more signal is 
its failure in reconciling the facts to one another. With- 
out such calculation we can come to no decision between 
tlie two hypotheses. If the Newtonian hold that the 
motions of the planets are evidently of the same kind as 
those of a body describing a curve in free space, and 
therefoi*e, like that, to be explained by a»^rce acting 
upon the body ; the Cartesian denies that the planets do, 
move in free space. They are, he maintains, immersed 
in a plenum. It is only when it appears that comets 
VOL. ir. 2 a 
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pass through this plenum in all directions with no impe- 
diment, and that no possible form*,and motion of its 
whirlpools can explain the forces and motions which are 
observed in the solar system, that he is compelled to 
allow the Newtonian’s classification of events of the same 
kind. 

Thus it does not wppear that this Rule of Newton 
can be interpreted in any distinct and positive manner, 
otherwise than as enjoining that, in the task of induction, 
we employ clear ideas, rigorous reasoning, and close and 
fair comparison of the results of the hypothesis with the 
facts. These are, no doubt, important and fundamental 
conditions of a just induction ; but in this injunction we 
find no peculiar or technical criterion by which we may 
satisfy ourselves that we are right, or detect our errors. 
Still, of such general prudential rules, none can be 
more wise than one which thus, in the task of connecting 
facts by means of ideas, recommends that the ideas be 
clear, the facts correct, and the chain of reasoning which 
connects them without,a flaw. 

14. Of the Third Ride . — ^The Third Rule, that “ qua- 
lities which are observed without exception be held to 
be universal, ” as I have already said, seems to be 
intended to authorize the assertion of gravitation as a 
universal attribute of matter. We formerly stated, in 
treating of Mechanical Ideas*, that this application of 
such a Rule appears to be a mode of reasoning far from 
conclusive. The assertion of the universality of any pro- 
perty of bodies must be grounded upon the reason of the 
case, and not upon any arbitrary maxim. Is it intended 
by this Rule to prohibit any further examination how far 
gravity is a# original property of matter, and how far it 
may^be resolved into the result of other agencies? We 
know perfectly well that this was not Newton’s intention ; 

* Book Hi. 0 . 10. 
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since the cause of gravity was a point which he proposed 
to himself as a subject of inquiry. It would certainly be 
very unphilosophical to pretend, by this Rule of Philo- 
sophizing, to prejudge the question of such hypotheses as 
that of Mosotti, That gravity is the excess of the elec- 
trical attraction over electrical repulsion: and yet to 
adopt this hypothesis, would be to suppose electrical 
forces more truly universal than gravity ; for according 
to the hypothesis, gravity, being the inequality of the 
attraction and repulsion, is only an accidental and partial 
relation of these forces. Nor would it be allowable to 
urge this Rule as a reason of assuming that double stars 
are attracted to each other by a force varying according 
to the inverse square of the distance ; without examining, 
as Herschel and others have done, the orbits which they 
really describe. But if the Rule is not available in such 
cases, what is its real value and authority ? and in what 
cases are they exemplified ? 

16. In a former part of this work*, it was shown that 
the fundamental laws of motion, and the properties of 
matter which these involve, are, after a full consideration 
of the subject, unavoidably assumed as universally true. 
It was further shown, that although our knowledge of 
these laws and properties be gathered from experience, 
we are strongly impelled, some philosophers think autho- 
rized, to look upon these as not only universally, but 
necessarily true. It was also stated, that the law of gra- 
vitation, though its universality may be deemed probable, 
does not apparently involve the same necessity as the 
fundamental laM’s of motion. But it was pointed out 
that these are some of the most abstruse and difficult 
questions of the whole of philosophy ; involving the pro- 
found, perhaps insoluble, problem of the identity or diver- 
sity of ideas and things. It cannot, therefore, be deemed 

* Book lii. c. 9, 10, 11. 
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philosophical to cut these Gord,ian knots by peremptory 
maxima which encourage us to decide without rendering 
a reason. Moreover, it appears clear that the reason 
which is rendered for this Rule by the Newtonians is 
quite untenable ; namely, that we know extension, hard- 
ness, and inertia, to be universal qualities of bodies by 
experience alone, and that we have the same evidence of 
experience for the universality, of gravitation. We have 
already observed that we cannot, with any propriety, say 
that we find by experience all bodies are extended. This 
could not be a just assertion, except we could conceive 
the possibility of our finding the contrary. But who can 
conceive our finding by experience some bodies which 
are not, extended ? It appeai-s, then, that the reason 
given for the Third Rule of Newton involves a mistake 
respecting the nature and authority of experience. And 
the Rule itself cannot bo applied without attempting to 
decide by the casual limits of observation, questions which 
necessarily depend upon the relations of ideas. 

16 . Of the Fourth Rule. — Newton’s Fourth Rule is, 
that “ Propositions collected from phenomena by induc- 
tion, shall be held to be true, notwithstanding contrary 
hypotheses ; but shall be liable to be rendered more accu- 
rate, or to have their exceptions pointed oiit, by addi- 
tional study of phenomena.” This Rule contains little 
more than a general assertion of the authority of induc- 
tion, accompanied by Newton’s usual protest against 
hypotheses. 

The really valuable part of the Fourth Rule is that 
which implies that a constant verification, and, if neces- 
sary, rectification, of truths discovered by induction, should 
go on in th^ scientific world. Even when the law is, or 
appears to be, most certainly exact and universal, it should 
be constancy exhibited to us afresh in the form of expe- 
rience and observation. This is necessary, in order to 
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discover exceptions and modifications if such exist ; and 
if the law be rigorously true, the contemplation of it, as 
exemplified in the world of phenomena, will best give us 
that clear apprehension of its bearings which may lead us 
to see the ground of its truth. 

The concluding clause of this Fourth Rule appears, at 
first, to imply that all inductive propositions are to be 
considered as merely provisional and limited, and never 
secure from exception. But to judge thus would be to 
underrate the stability and generality of scientific truths ; 
for what man of science can suppose that we shall here- 
after discover exceptions to the universal gravitation of 
all parts of the solar system? And it is plain that the 
author did not intend the restriction to be applied so 
rigorously ; for in the Third Rule, as we have just seen, 
he authorizes us to infer universal ])roj)crties of matter 
from observation, and carries the liberty of inductive 
inference to its full extent. The Tliird Rule appears to 
encourage us to assert a law to be universal, even in cases 
in which it has not been tried; the Fourth Rule seems 
to warn us that the law may be inaccurate, even in cases 
in which it has been tried. Nor is either of these sug- 
gestions erroneous; but both the universality and the 
rigorous accuracy of our laws are proved by reference to 
Ideas rather than to Experience ; a truth which, perhaps, 
the philosophers of Newton’s time were somewhat dis- 
posed to overlook. 

17. The disposition to ascribe all our knowledge to 
Experience, appears in Newton and the Newtonians by 
other indications ; for instance, it is seen in their extreme 
dislike to the ancient expressions by which the principles 
and causes of phenomena were described,* as the occult 
causi^oi the Schoolmen, and the fm'tns of the Aristotelians, 
which had been adopted by Bacon. Newton says*, that 
* Optics^ Qu. 31. 
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the particles of matter not only possess inertia, but also ac- 
tive principles, as gravity,..|ermentation, cohesion ; he adds, 
“ These principles I consider not as Occult Qualities, sup- 
posed to result from the Specific Forms of things, but as 
General Laws of Nature, by which the things themselves 
are formed : their truth appearing to us by jdienomena, 
though their causes be not yet discovered; For these 
are manifest qualities, and tUlir causes only are occult. 
And the Aristotelians gave the name of occult qualities, 
not to manifest qualities, but to such qualities only as 
they supposed to lie hid in bodies, and to the unknown 
causes of manifest effects : such as would be the causes 
of gravity, and of magnetick and electrick attractions, 
and of fermentations, if we should sui)posc that these 
forces or actions arose from qualities unknown to us, and 
incapable of being discovered and made manifest. Such 
occult qualities put a stop to th^improvement of Natural 
Philosophy, and therefore of late years have been rejected. 
To tell us that every species of things is endowed witli 
an occult specific quality by which it acts and produces 
manifest effects, is to tell us nothing : but to derive two 
or three general principles of motion from phenomen.n, 
and afterwards to tell us hoAv the properties and actions 
of all corporeal things follow from these manifest prin- 
ciples, w’ould be a great step in philosoj)hy, though the 
causes of those principles were not yet discovered : and 
therefore I scruple not to propose the principles of motion 
above maintained, they being of very general extent, and 
leave their causes to be found out.” 

18. All that is here said is highly philosophical and 
valuable; bu^^ we may observe that the investigation of 
specific forms, in the sense in which some w riters had 
used the phrase, was no means a frivolous or unmeaning 
object of inquiry. Bacon and others had used form as 
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equivalent to la;^*. If we.isoul^. ascertain that arrange- 
ment* of the particles of a^jprystal from , which its external 
crystalline form and other properties arise, |his arrange- 
ment would be the internai fwm of the crystal. If the 
undulatory theory be true, the fiwm of light is transverse 
vibrations : if the emission theory be maintained, the fm'in 
of light is particles moving in straight lines, and deflected 
by various forces. Both -the terms, form and law, imply 
an ideal connexion of sensible phenomena ; form supposes 
matter which is moulded to the form ; law supposes 
objects which are governed by the law. The former 
term refers more precisely to existences, the latter to 
occurrences. The latter term is now the more familiar, 
and is, perhaps, the better metaphor : but the foijiner also 
contains the essential antithesis which belongs to the 
subject, and might be used in expressing the same con- 
clusions. 

But occult causes, ’Employed in the way in which 
Newton describes, had certainly been very prejudicial to 
the progress of knowledge, by stopping inquiry with a 
mere word. The absurdity of such pretended explana- 
tions had not escaped ridicule. The pretended physician 
ill the comedy gives an example of an occult cause or 
virtue. 

Milii demandatur 

A doctissinio Doctoro 
Qmre Opium facit clorniire : 


* Nov. Org.^ lib. H. Apli. 2 . Licet cnim in natura nihil existet 
praeter corpora individua, edentia actus puros iiidividuos cx lege ; in 
doctrinia tamcn ilia ipsa Jpx, ejusque inquisitio, et inveiitio, et cxpli- 
catio, pro fundamcnto est tain ad sciendum qiiain ad operaiidum. 
Earn autem legem^ ejusque paragraphoSyformariim nomine intelligimus ; 
praBsertim cum hoc vocabulum invaluerit, et familiter occurrat. 

Aph. 17. Eadeiii res est forma calidi vel forma luminis. et lex 
calidi aut lex lumiiiis. 
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Et ego respog||eo, 

’^Mta.COT in eo 
Vtrtut d^^gnktm, 

Otijua natura eat aenana assoupire. 


19. But the most valuable part of the view presented 
to us in the quotation just given from Newton is the 
distinct sej>aration, already noticed as peculiarly brought 
into prominence by him, of^he determination of the 
laws of phenomena, and the investigation of their causes. 
The maxim, that the former inquiry must precede tlic 
latter, and that if the general laws of facts be discovered, 
the result is highly valuable, although the causes remain 
unknown, is extremely important ; and had not, I think, 
ever b(^i so strongly and clearly stated, till Newton both 
repeateJny promulgated the juecept, and added to it the 
weight of the most striking examples. 

We have seen that Newton, along with vieAvs the 
most just and important coi|[ierning the njxture and 
methods of science, had something of the tendency, pre- 
valent in his time, to suspect or reject, at least specula- 
tively, all elements of knowledge except observation. 
This tendency was, however, in him so corrected and 
restrained by his own wonderful sagacity and mathema- 
tical habits, that it scarcely led to any opinion which we 
might not safety adopt. But we must now consider the 
cases in which this tendency operated in a more unba- 
lanced manner, and led to the assertion of doctrines 
which, if consistently followed, would destroy the very 
foundations of all general and certain knowledge. 
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1. In tlie constant opposition and struggle of the 
schools of i^hilosophy, which consider our Senses and our 
Ideas, respectively, as the principal sources of our know- 
ledge, we have seen tha(^ the period of which we now 
treat, the tendency was to exalt the external and dis- 
parage the internal element. The disposition to ascribe 
our knowledge to observation alone, had already, in 
Bacon’s time, led him to dwell to a disproportionate 
degree upon that half of his subject ; and had tinged 
Newton’s expressions, though it had not biassed ^s prac- 
tice. But this partiality soon assumed a more prominent 
shape, becoming extreme in Locke, and extravagant in 
those who professed to folloAV him. 

Indeed Locke app^s to owe liis popularity and 
influence as a popular Avriter mainly to his being one of. 
the first to cx})ress, in a plain and unhesitating manner, 
opinions which had for some time been ripening in the 
minds of a large portion of the cultivated public. Hobbes 
had already promulgated the main doctrines, Avhicli 
Locke afterAvards urged, on the subject of the origin and 
nature of our knoAvledge : but in him these doctrines 
Avere combined Avith oiiensive opinions on })oints of 
morals, government, and religion, so that their access to 
general favour Avas impeded : and it Avas to Locke that 
they AA’ere indebted for the extensive influence Avhich they 
soon after obtained. Locke oAved this authority mainly 
to the intellectual circumstances of the time. Although 
a writer of great merit, he by no means possesses such 
metaphysical acuteness or such philosojdiical largeness of 
view, or such a charm of Avriting, as to give Iwm the high^ 
place he has held in the literature of Eiirope. But he 
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came at a p,^nod when the reign of Ideas was tottering 
to its fall. . All ■ti^(a,niost active and ambitious spirits had 
gone over', to the new opinions, and w^re prepared to 
follow the fortunes of the Pliilosophy of Experiment, 
then in the most prosperous and brilliant condition, and 
full of still brighter promise. There wore, indeed, a few 
learned and thoughtful men who still remained faithful 
to the empire of Ideas; par^j, it may be, from a too 
fond attachment to ancient systems; but partly, also, 
because they knew tliat there were subjects of vast im- 
portance in which experience did not form the whole 
foundation of our knowledge. They knew, too, that 
many of the plausible tenets of the new philosophy were 
revivali||of fallacies which had been discussed and refuted 
in ancient times. But the advocates of mere experience 
came on M’ith a vast store of weighty truth among their 
artillery, and with the energy which the advance usually 
bestows. The ideal system oF^jdiilosophy could, for the 
present, make no effectual resistance; Locke, by putting 
himself at the head of the assault, became the hero of Ins 
day : and his name has been used as the watchword of 
those who adhere to the philosophy of the senses up to 
our own times. 

2. Locke himself did not assert the exclusive autho- 
rity of the senses in the extreme unmitigated manner in 
which some who call themselves his disciples have done. 
But this is the common lot of the leaders of revolutions, 
for they are usually bound by some ties of affection and 
habit to the previous state of things, and Avould not 
destroy all traces of that conditio^ : while their followers 
attend, not to their inconsistent wishes, but to the mean- 
ing of the retolution itself ; and carry out, to their genu- 
ine and complete results, the principles which won the 
victory, and which have been brought out more sharp 
from the conflict. Thus Locke himself does not assert 
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that all our ideas are derived from sensation, but from 
sensation and reflection. But it was easily seen that, in 
this assertion, two very heterogeneous elements were 
conjoined : that while to pronounce Sensation the origin 
of ideas is a clear decided tenet, the acceptance or rejec- 
tion of which determines the general character of our 
philosophy; to make the same declaration concerning 
Reflection is in the highest-dogree vague and ambiguous, 
since reflection may either be resolved into a mere modi- 
fication of sensatien, as was done by one school, or may 
mean all that the opposite school oppose to sensation, 
under the name of Ideas. Hence the clear and strong 
impression which flistened upon men’s minds, and which 
does in fact represent all the systematic and coljtsistent 
part of Locke’s philosophy, was, that in it all our ideas 
are represented as derived from Sensation. 

3. We need not spend much time in pointing out 
the inconsistencies into which Locke fell ; as all must 
fall into inconsistences who recognize no source of know- 
ledge except the senses. Thus he maintains that oiil* 
Idea of Space is derived from the senses of sight and 
touch; our Idea of Solidity from the touch alone. Our 
Notion of Substance is an unknown suj^jiort of unknoAvn 
qualities, and is illustrated by the Indian fable of the 
tortoise which supports the elephant, Avhich supports the 
Avorld. Our Notion of Power or Cause is in like manner 
got from the senses. And yet, though these ideas are 
thus mere fragments of our experience, Locke does not 
hesitate to ascribe to them necessity and universality 
when they occur in propositions. Thus he maintains the 
necessary truth of geometrical properties : he asserts that 
the resistance arising from solidity is absolutely insur- 
mountable’*; he conceives that nothing short of Omni- 
potence can annihilate a particle of matter f; ‘and he has 

* Book xi. r. 4, feet. 3. t I’v., c. 13, sect. 22. 
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no misgivings in arguing upon the axiom that Every thing 
must have a cause. He does not perceive that, upon his 
own account of the origin of our knowledge, we can have 
no right to make any of these assertions. If our know- 
ledge of the truths which concern the external world 
were wholly derived from experience, all that we could 
venture to say would be, — that geometrical properties of 
figures are true as far as im have tried them ; — that we 
have seen no cjcample of a solid body being reduced to 
occupy less space by pressure, or of a material substance 
annihilated by natural means; — and that wherever we 
have examined, wc have found that every change lias had 
a cause. Experience can never entitle us to declare that 
what slie has not seen is Impossible ; still less, that things 
which she can not see arc certain. Locke himself 
intended to throw no doubt upon the certainty of cither 
human or divine knowledge; but his principles, when 
men discarded the temper irf which he applied them, 
and the checks to their misap])lication which he con- 
ceived that he had provided, easily led to a very com- 
prehensive scepticism. His doctrines tended to dislodge 
from their true bases the most indisputable parts of 
knowledge; as, for example, pure and mixed mathe- 
matics. It may well be supposed, therefore, that they 
shook the foundations of many other parts of knowledge 
in the minds of common thinkers. 

It was not long before these consequences of the over- 
throw of ideas showed themselves in the speculative 
world. I have already in a previous part of this work * 
mentioned Hume's sceptical inferences from Locke’s 
maxim, that we have no ideRs except those which we 
acquire by experience ; and the doctrines set up in oppo- 
sition to this by the metaphysicians of Germany. I 
might traoe the progress of the sensational -opinions in 
* Book iii. c. 3. Modem Opinions Tcsj)?cting the Idea of Cause. 
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Britain till the reaction took place here also: but 
they were so much more clearly and decidedly followed 
out in France, that I shall pursue their history in that 
country. 

4. The French Followers of Locke, Condillac, 8fc . — ^ 
Most of the French writers who adopted Locke’s leading 
doctrines, rejected the “Reflection,” which formed an 
anomalous part of his philosophy, and declared that sen- 
sation alone was the source of ideas. Among these 
writers Condillac was tlie most distinguished. lie ex- 
pressed the leading tenet of their school in a clear and 
pointed manner by saying that “ All ideas are tranformcd 
sensations.” We have already considered this poiiit*, 
and need not here longer dwell upon it. 

Opinions such as these tend to annihilate, as w'e have 
seen, one of the two co-ordinate elements of our know- 
ledge. Yet they were far from being so prejudicial to 
the progress of science, or even of the philoso|)hy of 
science, as might have been anticipated. One reason of 
this was, that they were practically corrected, especially 
among the cultivators of Natural Philosophy, by the study 
of mathematics ; for that study did really supply all that 
was requisite on the ideal side of science, so for as the 
ideas of space, time, and number, were concerned, and 
partly also with regard to the idea of cause and others. 
And the methods of discovery, though the philosophy of 
them made no material advance, were practically employed 
with so much activity, and in so many various subjects, 
that a certain kind of prudence and skill in this employ- 
ment was very widely diffused. 

6. Impoi'tance of Language . — In one respect this 
school of metaphysicians rendered a very valuable service 
to the philosophy of science. They brought in^o pro- 
minent notice the great importance of words and terms 

* B. i. c. 4. 
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in the formation and progress of knowledge, and pointed 
out that the office of language is not only to convey and 
preserve our thoughts, but to perform the analysis in 
which reasoning consists. They were led to this train of 
speculation, in a great measure, by taking pure mathe- 
matical science as their standard example of substantial 
knoM’leclge. Condillac, rejecting, as we have said, almost 
all those ideas on which universal and demonstrable 
truths must be based, was still not at all disposed to 
question the reality of human knowledge ; but was, on 
the contrary, a zealous admirer of the evidence and con- 
nexion which appear in those sciences which have the 
ideas of space and number for their foundation, especially 
the latter. He looked for the grounds of the certainty 
and reality of the knowledge which these sciences con- 
tain ; and found them, as he conceived, in the nature of 
the language which they employ. The Signs which are 
used in arithmetic and algebra enable us to keep steadily 
in view the identity of the same quantity under all the 
forms which, by composition and decomposition, it may 
be made to assume ; and these Signs also not only express 
the operations which are performed, but suggest the ex- 
tension of the operations according to analogy. Algebra 
according to him, is only a very perfect language; and 
language answers its purpose of leading us to truth, by 
possessing the characteristics of algebra. W ords are the 
symbols of certain groups of impressions or facts ; they 
are so selected and applied as to exhibit the analogies 
which prevail among these facts ; and these analogies are 
the truths of which our knowledge consists. “ Every 
language is an analytical metho^J ; every analytical method 
is a language*;” these were the truths “alike new and 
simple,” as he held, which he conceived that he had 
demonstrajed. “ The art of speaking, the art of writing, 

Langue (let Calcuh, p. ). 
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the art of reasoning, the art of thinking, are only, at 
bottom, one and the same art*.” Each of these opera- 
tions consists in a succession of analytical operations; 
and words are the marks by-which wc are able to fix our 
minds upon the steps of this analysis. 

7. The analysis of our impressions and notions does 
in reality lead to truth, not only in virtue of the identity 
of the whole with its parts, as Condillac lield, but also in 
virtue of certain Ideas which govern the synthesis of our 
sensations, and which contain the elements of universal 
truths, as we have all along endeavoured to show. But 
although Condillac overlooked or rejected this doctrine, 
the importance of words, as marking the successive steps 
of this synthesis and analysis, is not less than he repre- 
sented it to be. Every truth, once established by induc- 
tion from facts, when it is become familiar under a brief 
and precise form of expression, becomes itself a fact ; and 
is capable of being employed, along with other facts of a 
like kind, as the materials of fresh inductions. In this 
successive process, the term, like the cord of a fagot, 
both binds together the facts Avhich it includes, and makes 
it possible to manage the assemblage as a single thing. 
On occasion of most discoveries in science, the selection 
of a technical term is an essential part of the proceeding. 
In the History of Science, we have had numerous oppor- 
tunities of remarking this ; and the List of technical 
terms given as an Index to that work, refers us, by almost 
every word, to one such occasion. And these terms, 
which thus have had so large a share in the formation of 
science, and which constitute its language, do also offer 
the means of analysing , its truths, each into its con- 
stituent truths ; and these into facts more special, till 
the original foundations of our most general proposi- 
tions are clearly exhibited. The relations^ of general 

* Grammaire, p. xxxvi. 
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and particular truths are most evidently represented by 
the Inductive Tables given in Book XI. But each step 
in each of these Tables has its proper form of expression, 
familiar among the cultivato^of science ; and the ana- 
lysis which our Tables display, is commonly }>erformed in 
men’s minds, when it becomes necessary, by fixing the 
attention successively upon a series of words, not u])on 
the lines of a Table. Language offers to the mind such 
a scale or ladder as the Table offers to the eye ; and as 
such Tables present to us, as we have saidj the Logic of 
Induction, that is, the formal conditions of the soundness 
of our reasoning from facts, we may with propriety say 
that a just analysis of the meaning of words is an essen- 
tial portion of Inductive Logic. 

In saying this, we must not forget that a decompo- 
sition of general truths into ideas, as well as into facts, 
belongs to our philosophy ; but the point we have here 
to remark, is the essential im])ortance of words to the 
latter of these processes. And this point had not ever 
had its due weight assigned to it till the time of Condil- 
lac and other followers of Locke, who pursued their 
speculations in the spirit I have just described. The 
doctrine of the importance of terms is the most consider 
able addition to the philosophy of science which has been 
made since the time of Bacon*. 

8. Tfte French Encycloptedists . — The French Encyclo- 
pedie, published in 1751, of which Diderot and Dalein- 
bert were the editors, may be considered as representing 
the leading characters of European i)hilosophy during the 
greater part of the eighteenth century. The writers in 

* SijicG the selection and construction of terms is thus a matter of 
so much consciliiencc in the formation of science, it is proper that 
systematic rales, founded upon sound principles, should be laid down 
for the performance of this operation. Some such rules have accord* 
ingly been suggested in another p.irt of this work. 
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this work belong for the most part to the school of Locke 
and Condillac’ and we may make a few remarks upon 
them, in order to bring into view one or two points in 
addition to what we have^lllready said of that school. 
The Discolors Prelimimire, written by Dalembert, is cele- 
brated as containing a view of the origin of our knowledge, 
and the connexion and classification of the sciences* 

A tendency of the speculations of the Encyclopedists, 
as of the School of Locke in general, is to reject all ideal 
principles of connexion among facts, as something which 
experience, the only source of true knowledge, does not 
give. Hence all certain knowledge consists only in the 
recognition of the same thing under different aspects, or 
different forms of expression. Axioms are not the result 
of an original relation of ideas, but of the use, or it may 
be the abuse*, of words. In like manner, the propo- 
sitions of Geometry are a series of modifications, — of dis- 
tortions so to speak, — of one original truth ; much as if 
tlie proposition Avere stated in the successive forms of 
expression presented by a language which was constantly 
growing more and more artificial. Several of the sciences 
A/hich rest upon physical principles, that is, (says the 
Avriter) truths of experience or simple hypotheses, have 
only an experimental or hypothetical certainty. Impe- 
netrability added to the idea of extent is a mystery in 
addition : the nature of motion is a riddle for philosophers : 
tile metaphysical jirinciple of the laAvs of percussion is 
equally concealed froniHhem. The more profoundly they 
study the idea of matter and pf the properties which re- 
present it, the more obscure this idea becomes ; the more 
completely does it escape them. 

9. This is a very common stylo of reflection, even 
down to our own times. I have endeavoured to show that 
concerning the Fundamental Ideas of space, of, force and 

. Dkc. Prelim.., p. viii. 
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resistance, of substance, external quality, and the like, we 
know enough to make these Ideas the grounds of certain 
and universal truths enough to supply us with axioms 
from which we can demonstratively reason. If men wish 
for any other knowledge of the nature of matter than 
that which ideas, and facts conformable to ideas, give 

them, ** undoubtedly their .^sire will be frustrated, and 
they will be left in a mysterious vacancy; for it does not 
appear how such knowledge as they ask for could be 
knowledge at all. But in reality, this complaint of our 
ignorance of the real nature of things proceeds from the 
rejection of ideas, and the assumption of the senses alone 
as the ground of knowledge. “ Observation and calcu- 
lation are the only sources of truth — this is the motto 
of the school of which wo now speak. And its import 
amounts to this : — that they reject all ideas except the idea 
of number, and recognize the modifications which parts 
undergo by addition and subtraction as the only modes 
in which true propositions are generated. The laws of 
nature are assemblages of facts : the truths of science are 
assertions of the identity of things which are the same. 
“ By the avowal of almost all philosophers,” says a writer 
of this school*, “the most sublime truths, when once 
simplified and reduced to their lowest terras, are converted 
into facts, and thenceforth present to the mind only tliis 
proposition ; the white is white, the black is black.” 

These statements are true in what they positively 
assert, but they involve error in tlfe denial which by im- 
plication they convey. It is true that observation and 
demonstration are the only sources of scientific truth ; but 

then, ^ demonstration may be founded on other grounds 
besides the elementary properties of number. It is true 
that the theory of gravitation is but the aesertioii of a 
general fact ; but this is so, not because a sound theory 

* Helvethts Sur fffomm, e. xxiii. 
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does not involve ideas, but because our apprehension of 
a fact does. 

10. Another characteristic indication of the temper of 
the Encyclopedists and of the age to which they belong, 
is the importance by them assigned to those practical AHs 
which minister to man’s comfort and convenience. Not 
only in the body of the Enc^^pedia are the Mechanical 
A rts placed side by side with the Sciences, and treated at 
great length ; but in the Preliminary Discourse, the prefe- 
rence assigned to the liberal over the mechanical Arts is 
treated as a prejudice*, and the value of science is spoken 
of as measured by its utility. “The discovery of the Ma- 
riner’s Compass is not less advantageous to the human 
race than the explanation of its properties would be to 
physics.'- — Why should we not esteem those to whom we 
owe the fusee and the escapement of watches as much as 
the inventors of Algebra?” And in the classification of 
sciences which accompanies the Discourse, the labours of 
artisans of all kinds have a place. 

This classification of the various branches of science 
contained in the Dissertation is often spoken of. It 
has for its basis the classification proposed by Bacon, 
in which the parts of human knowledge are arranged 
according to the faculties of the mind in which they 
originate ; and these faculties are taken, both by Bacon 
and by Dalembert, as Memory, Reason, and Imagi- 
nation. The insufficiency of Bacon’s arrangement as a 
scientific classificatio#is so glaring, that the adoption of 
it, with only ^luperficial modifications, at the period of the 
Encyclopedia, is a remarkable proof of the want of origi- 
nal thought and real philosophy at the time of which we 
speak. 

11. We need not trace further the opinion which de- 
rives all our knowledge from the senses in its application 

* p. xiii. 


2 H 2 



468 REVIEW OF OPINIONS ON KNOWLEDGE. 

to the philosophy of Science. Its declared aim is to 
reduce all knowledge to the knowledge of Facts; and it 
rejects all inquiries which involve the Idea of Cause, and 
similar Ideas, describing theiri as “ metaphysical,” or in 
smne other damnatory way. It professes, indeed, to dis- 
,card all Ideas ; but, as we have long ago seen, some Ideas 
or other are inevitably i|||luded even in the simplest 
Facts. Accordingly the speculations of this school are 
compelled to retain the relations of Position, Succession, 
Number and Resemblance, which are rigorously ideal 
relations. The philosophy of Sensation, in order to be 
consistent, ought to reject these Ideas along with the 
rest, and to deny altogether the possibility of general 
know'ledgc. 

When the opinions of the Sensational School had gone 
to an extreme length, a Reaction naturally began to take 
place in men’s minds. Such have been the alternations 
of opinion,. from the earliest ages of human speculation. 
Man may perhaps have existed in an original condition in 
w’hich he was only aware of the impressions of Sense; 
but his first attempts to analyse his perceptions brought 
under his notice Ideas as a separate element, essential to 
the existence of knowledge. Ideas were thenceforth 
almost the sole subject of the study of philosophers ; of 
Plato and his disciples, 'professedly ; of Aristotle, and still 
more of the followers and commentators of Aristotle, 
practically. And this continued till the time of Galileo, 
when the authority of the Senses again began to be 
asserted ; for it w^ shown by the great discoveries which 
were then made, that the Senses had at least some share 
in the promotion of knowledge. As discoveries more 
numerous and more striking were supplied by Observation, 
the world gradually passed over to the opinion that the 
share whicji had been ascribed to Ideas in the formation of 
real knowledge was altogether a delusion, and that Sen- 
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sation alone was true. But when this was asserted as a 
general doctrine, both its manifest falsity and its alarming 
consequences roused men’s minds, and made them recoil 
from the extreme point to which they were approaching. 
Philosophy again oscillated back towards Ideas; and over, 
a great part of Europe, in tl|||^ clearest and most compre- 
hensive minds, this regression from the dogmas of the 
Sensational School is at present the prevailing movement. 
We shall conclude our review by noticing a few indica- 
tions of this state of things. 


Chapter XV. 

THE REACTION AGAINST THE SENSATIONAL 
SCHOOL. 

1. When Locke’s Esaay appeared, it was easily seen 
that its tendency was to urge, in a much more rigorous 
sense than had previously been usual, the ancient maxim 
of Aristotle, adopted by the schoolmen of the middle ages, 
that “ nothing exists in the intellect but what has entered 
by the senses.” Leibnitz expressed in a pointed manner 
the limitation with which this doctrine had always been 
understood. “Nihil est in intellectu quod non prius 
fuerit in sensu ; — nempe” he added, ^^nisi intellectus ipse." 
To this it has been objected*, that we cannot say that 
tlie intellect is in the intellect. But this remark is 
obviously frivolous ; for the faculties of the understanding 
(which are what the argument against the Sensational 
School requires us to reserve) may be said to be in the 
understanding, with as much justice as we may assert 
there are in it the impressions derived from sense. And 
when w'e take account of these faculties, and of the Ideas 


* See Mr. Sharpb’s Emays. 
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to which, by their operation, we necessarily subordinate 
our apprehension of phenomena, we are led to a refuta- 
tion of the philosophy which makes phenomena, uncon- 
nected by Ideas, the source of all knowledge. The 
^succeeding opponents of the Lockian school insisted upon 
arid developed in various ^itys this remark of Leibnitz, 
or some equivalent view. 

2. It was by inquiries into the foundations of morals 
that English philosophers were led to question the truth 
of Locke’s theory. Dr. Price, in his Review of the Prin- 
cipal Questions in Mcrrals, first published in 1757, main- 
tained that we cannot with propriety assert all our ideas 
to be derived from sensation and reflection. He pointed 
out, very steadily, the other source*. “The power, 1 
assert, that understands, or the faculty within us that dis- 
cerns truth, and that compares all the objects of thought 
and judges of them, is a spring of new ideas.” And ho 
exhibits the antithesis in various forms. “Were not 
sense and knowledge entirely different, we should rest 
satisfied with sensible impressions, such as light, colours 
and sounds, and inquire no further about them, at least 
when the impressions are strong and vigorous : whereas cu 
the contrary we necessarily desire some further acquaint- 
ance with them, and ean never be satisfied till we have 
subjected them to the survey of reason. Sense presents 
particular forms to the mind, but cannot rise to zxcj general 
ideas. It is the intellect that examines and compares the 
presented forms, tihat rises above individuals to universal 
and abstract ideas; and thus looks downward upon 
objects, takes in at one view an infinity of particulars, 
and is capable of discovering general truths. Sense secs 
only the outside of things, reason acquaints itself with 
their natures. Sensation is only a mode of feeling in the 
mind; but knowledge implies an active and vital energy 
in the mind.” * 


* P. 16. 
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* 

3. The necessity of refuting Hume’s inferences from 
the mere-sensation system led other writers to limit, in 
various ways, their assent to Locke. Especially was this 
the case with a number of intelligent metaphysicians in 
Scotland, as Reid, Beattie, Dugald Stewart and Thomas 
Brown. Thus Reid asserts*, “that the account which 
Mr. Locke himself gives of the Idea of Power cannot be 
reconciled to his favourite doctrine, that all our simple 
ideas have their origin from sensation or reflection.” 
Reid remarks, that our memory and our reasoning power 
come in for a share in the origin of this idea : and in 
speaking of reasoning, ho obviously assumes the axiom 
that every event must have a cause. By succeeding 
M'riters of this school, the assumption of the fundamental 
principles, to which our nature iu such cases irresistibly 
directs us, is more clearly pointed out. Thus Stewart 
defends ' the form of expression used by Pricef . “ A 
variety of intuitive judgments might bo mentioned, invol- 
ving simple ideas, which it is impossible to trace to any 
origin but to the power which enables us to form these 
judgments. Thus it is surely an intuitive truth that the 
sensations of which I am conscious, and all those I 
remember, belong to one and the same being, which I 
call myself. Here is an intuitivei^udgment involving the 
simple idea of Identity. In like manner, the changes 
which I perceive in the universe impress me with a con- 
viction that some cause must have operated to produce 
them. Here is an intuitive judgment involving the sim- 
ple Idea of Causation. When we consider the adjacent 
angles made by a straight line standing upon another, and 
perceive that their sum is equal to two right angles, the 
judgment we form involves a simple idea of Equality, 
To say, therefore, that the Reason or the Understanding 

* on the Powers of the Human Mind^ i. 31. 

t Outlines of Moral PhiL^ p. 138. 
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is a source of new ideas, is not so exceptionable a mode 
t^f speaking as has been sometimes supposed. According 
to Locke, Sense furnishes our ideas, and Reason perceives 
their agreements and disagreements. But the truth is, 
that tjiese agreements and disagreements are in many 
instances, simple ideas, of which no analysis can be given ; 
and of which the origin must, therefore be referred to 
Reason, according to Locke’s own doctrine.” This view, 
according to which the Reason or Understanding is the 
source of certain simple ideas, such as Identity, Causation, 
Equality, which ideas are necessarily involved in the 
intuitive judgments which wo form, wdien we recognize 
fundamelital truths of science, approaches very near in 
effect to the doctrine which in this work we have pre- 
sented, of Fundamental Ideas belonging to each science, 
and manifesting themselves in the axioms of the science. 
It may be observed, however, that by attem})ting to enu- 
merate these ideas and axioms, so as to lay the founda- 
tions of the whole body of physical science; and by 
endeavouring, as far as possible, to simplify and connect 
each group of such Ideas ; we liavo at least given a more 
systematic form to this doctrine. W'e have, moreover, 
traced it into many consequences to which it necessarily 
leads, but w'hich do notjiippear to have been contemplated 
by the metaphysicians of the Scotch school. But I 
gladly acknowledge my obligations to the writers of that 
school ; and I trust that in the near agreement of my 
views on such points with theirs, there is ground for 
believing the system of philosojdiy Avhich I have in this 
work presented, to be that to which the minds of thought- 
ful men, who^have meditated on such subjects, are gene- 
rally tending. 

4. As a further instance that such a tendency is at 
work, I may make a quotation from an eminent English 
philosophical writer of another school. “If you will be 
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at the pains,” says Archbishop Whately*, “ carefully to 
analyse the simplest description you hear of any transac- 
tion or state of things, you will find that the process 
which almost invariably takes place is, in logical lan- 
guage, this : that each individual /ms in his mind certain 
major premises or principles relative to the subject in 
question ^that observation of what actually presents 
itself to the senses, supplies minor ])reTnises ; and that the 
statement given (and which is reported as a thing experi- 
enced) consists, in fact, of the eondusions drawn from the 
combinations of these premises.” The major premises 
here spoken of are the Fundamental Ideas, and the Axioms 
and Propositions to which they lead ; and whatever is 
regarded as a fact of observation is necessarily a conclu- 
sion in which these propositions are assumed ; for these 
contain, as we have said, the conditions of our experience. 
Our experience conforms to these axioms and their conse- 
quences, whether or not the connexion be stated in a 
logical manner, by means of premises and a conclusion. 

5. The same persuasion is also suggested by the 
course Avhich the study of metaphysics has taken of late 
years in France. In that country, as we have seen, the 
Hensational System, which was considered as the necessary 
consequence of the revolution begun by Imcke, obtained 
a more complete ascendancy than it did in England ; and 
in that country too, the reaction, among metaphysical and 
moral writers, when its time came, was more decided and 
rapid than it was among Locke’s own countrymen. It 
would appear that JM. Laromiguiere uas one of the first 
to give expression to this feeling, of tlie necessity of a 
modification of the sensational philosojihy., lie began by 
professing himself the disciple of Condillac, even while 
he was almost unconsciously subverting the fundamental 
principles of that writer. And tluis, as M. ^!'ousin justly 

■* PolH. Econ„ ]>. 
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observes*, his opinions had the more powerful effect from 
being presented, not as thwarting and contradicting, but 
as sharing and following out the spirit of his age. M. 
Laromiguiere’s work, entitled Essai sur les Facultes de 
VAme, consists of lectures given to the Faculty of Letters 
of the Academy of Paris, in the years 1811, 1812 and 
1813. In the views which these lectures present, there 
is much which the author has in common with Condillac. 
But he is led by his investigation to assert f, that it is 
not true that sensation is the sole fundamental element 
of our thoughts and our understanding. Attentim also is 
requisite : and here we have an element of quite another 
kind. For sensation is passive ; attention is active. At- 
tention does not spring out of sensation; the passive 
principle is not the reason of the active principle. Acti- 
vity and passivity are two facts entirely different. Nor 
can this activity be defined or derived; being, as the 
author says, a fundamental idea. The distinction is 
manifest by its own nature ; and we may find evidence of 
it in the very forms of language. To look is more than 
to see; to hearken is more than to hear. The French 
languag^e marks this distinction with respect to other 
senses also. “ On voit, et Ton regarde ; on entend, et Ton 
ecoute ; on sent, et Ton Jiaire ; on goute, et Ton savoure." 
And thus the mere sensation, or capacity of feeling, is 
only the occasion on which the attention is exercised; 
while the attention is the foundation of all the operations 
of the understanding. 

The reader of the former part of this work, will have 
seen how much we have insisted upon the activity of the 
mind, as the ,^iecessary basis of all knowledge. In all 
observation and experience, the mind ia active, and by its 
activity apprehends all sensations in subordination to its 
own ideas; and thu8.it becomes capable of collecting 

x Fragtnem PhUoeopkiquet, i, 53. t Ib., i. 67. 
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knowledge from phenomena, since ideas involve general 
relations and connexions, which sensations of themselves 
cannot involve. And thus we see that, in this respect 
also, our philosophy stands at that point to which the 
speculations of the most reflective men have of late 
constantly been verging. 

6. M. Cousin himself, from whom we have quoted 
the above account of Laromiguiere, shares in this ten- 
dency, and has argued very energetically and successfully 
against the doctrines of the Sensational School. He has 
made it his oflice once more to bring into notice among 
liis countrymen, the doctrine of ideas as the sources of 
knowledge ; and has revived the study of Plato, who may 
still be considered as one of the great leaders of the ideal 
school. The large portion of M. Cousin’s works which 
refers to questions out of the reach of our present review 
makes it suitable not to dwell longer upon them in this 
place. 

7. We turn to speculations more closely connected 
with our present subject. M. Ampere, a French man of 
science, well entitled by his extensive knowledge, and 
large and profound views, to deal with the philosophy of 
the sciences, published in 1834, his Essai sur la Philoso- 
phie des Sciences, on Exposition analytique d'un Classification 
Natnrelle de toules les Ccnmaissances Humaincs. In this 
remarkable work we see strong evidence of the progress 
of the reaction against the system whicli derives our 
knowledge from sensation only. The author starts from 
a maxim, that in classing the sciences, we must not only 
regard the nature of the objects about which each science 
is concerned, but also the point of view.under which it 
considers them y that is, the ideas which each science 
involves. M. Ampere also gives briefly his^ views of the 
intellectual constitution of man ; a subject on which he 
had long and sedulously employed his thoughts; and 
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these views are far from belonging to the Sensational 
School. Human thought, he says, is composed of pheno- 
mena and of conceptions. Phenomena are external, or 
semitive; and internal, or active. Conceptions are of four 
hinds ; primitive, as space and motion, duration and cause ; 
objective, as our idea of matter and substance ; onomatic, 
or those Avhich we associate with the general terms which 
language presents to us; and c<rplicative, by which we 
ascend to causes after a comparative study of phenomena. 
He teaches further, that in deriving ideas from sensation, 
the mind is not passive; but exerts an, action which, 
when voluntary, is called attention, but when it is, as it 
often is, involuntary, may be termed reaction. 

I shall not dwell upon the examination of those 
opinions^; but I may remark, that both in the recogni- 
tion of conceptions as an original and essential element 
of the mind, and in giving a prominent place to the active 
function of the mind, in the origin of our knowledge, 
this view a])proaches to that which I have presented in 
the jii cceding part of this work ; although undoubtedly 
with considerable dilferenccs. 

8. The classification of the sciences which M. Ampere 
'0 • 
pro 2 )oses, is founded upon a consideration of the sciences 

themselves; and is, (lie author conceives, in accordance 
with the conditions of natural classiiications, as exhibited 
in Botany and other sciences.' It is of a more symmetri- 
cal kind, and exhibits more stejis of subordination, than 
that to Avhich I.have been led ; it includes also practical 
Art as well as theoretical Science ; and it is extended to 
moral and political as well as physical Sciences. It- will 
not be necessjpy for me here to examine it in detail : 
but I may remark, that it is throughout a dichotomous 
division, each higher number being subdivided into two 

c * 

^ 8(‘e also the vi^^orous critique of Locke's Essay ^ by Lemaistre, 
Soiv-^’es (h St, Peterahoury, 
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lower ones, and so on. In this way, M. Ampere obtains 
sciences of the First Order, each of which is divided into 
two sciences of the Second, and four of the Third Order. 
Thus Mechanics is divided into Cinematics, Statics, Dyna^ 
mics, and Molecular Mechanics ; Physics is divided into 
Ea?perimental Physics, Chemistry, Stereometry, and Atomo^ 
logy : Geology is divided into Physical Geography, Mine- 
ralogy, Geonomy, and Theory of the Earth. Without here 
criticizing these divisions or their principle, I may observe 
that Cinematics, the doctrine of motion without reference 
to the force which produces it, is a portion of knowledge 
which our investigation has led us also to see the necessity 
of erecting into a separate science ; and which wc have 
termed Pure Mechanism. Of the divisions of Geology, 
Physical Geography, especially as explained by M. Ampere, 
is certainly a part of the subject, both important and 
tolerably distinct from the rest. Geonomy contains what 
wc have termed in the History, Descriptive Geology 
■ the exhibition of the facts separate from the inquiry into 
their causes ; while our Physical Geology agrees with M. 
Ampere’s Theory of the Earth. Mineralogy api)ears to be 
])laced by him in a different place from that which it 
occupies in our scheme : but in fact, hfe uses the term for 
a different science ; — ^lie applies it to the classification not 
of simple minerals, but of rocics, which is a science auxi- 
liary to geology, and which has sometimes been called 
Petrology. What we have termed Mineralogy, M. Am- 
pere unites with Chemistry. “ It belongs,” he says*, “ to 
Chemistry, and not to Mineralogy, to inquire how many 
atoms of silicium and of oxygen compose silica ; to tell 
us that its primitive form is a rhombohedron of certain 
angles, that it is called quartz, &c. : leaving, on one hand, 
to Molecular Geometry the task of explaining the differ- 
ent secondary forms which may result from this primitive 
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form ; and on the other hand, leaving to Mineralogy the 
office of describing the different varieties of quartz, and 
the rocks in which they occur, according as the quartz is 
crystallized, transparent, coloured, amorphous, solid, or in 
sand.” But wo may remark, that by adopting this 
arrangement, we separate from Mineralogy, almost all the 
knowledge, and absolutely all the general knowledge, 
which books professing to treat of that science have usually 
contained. The consideration of Mineralogical Classifi- 
cations, which, as may be seen in the History of Science, 
is so curious and instructive, is forced into the domain of 
Chemistry, although many of the persons who %ure in it 
Avere not at all properly chemists. And we lose, in this 
way, the adA'antage of that peculiar office which, in our 
arrangement, Mineralogy fills; of forming a rigorous 
transition from the sciences of classification to those 
which consider the mathematical jiroperties of bodies ; 
and connecting the external characters and the internal 
constitution of bodies by means of a system of important 
general truths. I conceive, therefore, that our disposition 
of this science, and our ftiode of applying the name, are 
far more convenient than those of M. Ampere. 

9 . We have seen the reaction against the puit}’ sensa- 
tional doctrines operating very poAverfully in England 
and in France. But it Avas in Germany that these doc- 
trines were most decidedly rejected; and systems in 
extreme opposition to these put forth with confidence, 
and received with applause. Of the authors Avho gave 
this impulse to opinions in that country, K^it was the 
first, and by far the most important. I have already 
endeavoured to explain how he was roused, by the scep- 
ticism of Hume, to examine wherein the fallacy lay 
which appeared to invalidate*all reasonings from effect to 
cause ; and how this inquiry terminated in a conviction 
that the foundations of our reasonings on this and similar 
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points were to be sought in the mind, and not in the 
phenomena in the subject *and not in the object. The 
revolution in the customary mode of contemplating 
human knowledge which Kant’s opinions involved, was 
most complete. He himself, with no small justice, com- 
pares* it with the change produce^ by Copernicus’s 
theory of the solar system. “ Hitherto,” he says, “ men 
have assumed that all our knowledge must be regulated 
by the objects of it; yet all attempts to make out. any- 
thing concerning objects d prim'i by means of our con- 
ceptions,” (as for instance their geometrical properties) 
“must, on this foundation, be unavailing. Let us then 
try whether wo cannot make out something more in the 
problems of metaphysics, by assuming that objects must 
be regulated by our knowledge, since this agrees better 
with that supposition, which we are prompted to make, 
that we can know something of them d priori. This 
thought is like that of Copernicus, who, when he found 
that nothing was to be made of the phenomena of the 
heavens so long as everything was supposed to turn about 
the spectator, tried whether the matter might not be 
better explained if he made the spectator turn, and left 
the stars at rest. We may make the same essay in 
metaphysics, as to what concerns our intuitive knowledge 
respecting objects. If our apprehension of objects must 
be regulated by the properties of the objects, I cannot 
comprehend how wo can possibly know%nything about 
them d priori. But if the object, ns apprehended by us, 
he regulated by the constitution of our faculties of appre- 
hension, I can readily conceive this possibility.” From 
this he infers that our experience must be regulated by 
our conceptions. - • 

10. This view of the nature of knowledge soon super- 
seded entirely the doctrines of tne Sensational School 

* Kritik der Rmen Vemunft, Pref., p. xv. 
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■ among the metaphysicians of Germany. These philoso- 
piiWs did not gradually modiTy and reject the dogmas of 
Locke and Condillac, as was done in England and 
France* ;vi|oir -did they endeavour to ascertain the extent 
of the 'empire “Of Idgas by a careful survey of its several 
prQVincesV&s'we*hhVe beeh doing in the previous part of 
the present, work. - The German metaphysicians saw' at 
once that Ideas and iffliings, the Subjective and the Ob- 
jectiw elements qf our knowledge, were, by Kant’s system, 
brought intp opposition and correlation, as equally real 
and equally indispensable. Seeing this, they rushed at 
. onCe to the highest and most difficult problem of philo- 
sophy, — to determine what this correlation, is r-to dis- 
*cover how Ideas and Things arc at the same time opposite 
and identical ; — how the world, while it is distinct from 
and independent of us, is yet, as an object of our know- 
ledge, governed by the conditions of our thoughts. The 
attempts to solve this problem, taken in the widest sense, 
including the forms which it assumes in Morals, Politics, 
the Arts, and Religion, as well as in the Material Sciences, 
have, since that time, oc«upied the most profound specu- 
lators of Germany; and have given rise to a number of 
systems, which, rapidl^^ succeeding each other, have, each 
in its day, been looked upon as a complete solution of 
the problem. To trace the characters of these various 
systems, does not belong to the business of the present 
Book : my task%t present is ended when I have shown, 
as I have now done, how the progress of thought in the 
philosophical world, followed from the earliest up to the 
present time, has led to that recognition of the co-exist- 
onco and jcynt necessity of the two opposite elements of 

* The sensational system never acquired in Germany the ascend- 
ancy which it obtained in England and France ; but I am compelled 
here to pass over the history of philosophy in Germany, except so far 
as it affects oiirs^lvtSs. 
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our knowledge ; and when I have pointed out processes, 
adapted to the extension of our knowledge, which a true 
view of its nature has suggested or may suggest. 

In the latter portion of my task something still 
remains to be done, which will be 'the .subject of tlie 
ensuing Book. 
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BOOK XIL 

OF METHODS EMPLOYED IN THE FORMA- 
TION OF SCIENCE. 


Chapter T. 

INTRODUCTION. 

1. In the last Book but one of this work, we pointed 
out certain general Characters of scientific knowledge 
which may often serve to distinguish it from opinions of 
a looser qr vaguer kind. In the last Book we traced the 
steps by which men were led to a perception, more or 
less clear, of those characteristics ; and in the course of 
this review, we had to consider various precepts and 
maxims offered by philosophers as fitted to guide us in 
the pursuit of exact and general truths. Other contri- 
buttons of the same kind to the philosophy of science 
might be noticed, and some which contain more valuable 
suggestions, ^d indicate a more practical acquaintance 
with the subject than any which have yet been quoted. 
Among these, I must especially distinguish Sir John 
Herschel’s Discourse on the Study of Natural Philosophy. 
But* my object in this work is not so much to relate the 
history, as to present the really valuable results of pre- 
ceding labours. I shall, therefore, proceed no further 
with the criticism of other authors ; but shall endeavour 
to collect, both from them and from my own researches 
and reflections, such views and such rules as seem best 
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adapted to assist us in the discovety and recognition of 
scientific truth ; or, at least, such as may enable us to 
understand the process by which this truth is obtained. 
We would present to the reader the Philosophy and, if 
possible, the Art, of Discovery. 

2. But, in truth, we must acknowledge, before we 
proceed with this subject, that, speaking with strictness. 

Art of Discovery m not possible; — that we can give 
no Rules for the pursuit of truth which shall be univer- 
sally and peremptorily applicable ; — and that the helps 
which we can offer to the inquirer in such cases are 
limited and precarious. Still we trust it will be found 
that aids may be pointed out which are neither worthless 
nor uninstructive. The mere classification of examples 
of successful inquiry, to which our rules give occasion, is 
full of interest for the philosophical speculator. And if 
our maxims direct the discoverer to no operations which 
might not have occuri’ed of themselves, they may still 
concentrate our attention on that which is most important 
and characteristic in these operations, and may direct us 
to the best mode of insuring their success. I shall, 
therefore, attempt to resolve the Process of Discovery 
into its parts, and to give ^n account as distinct as may ' 
be of Rules and Methods which belong to each portion 
of the process. 

3. In tlie Eleventh Book we considered the three 
main parts of the process by which science is constructed : 
namely, the Decomposition and Observation of Complex 
Facts; the Explication of our Ideal Conceptions; and 
the Colligation of Elementary Facts by means of those 
Conceptions. The first and last of these three steps are 
capable of receiving additional accuracy by peculiar pro- 
cesses. They may further the advance of science in a 
more effectual manner when directed by special technical 
Methods, of which in the present Book we must give a 

2 I 2 
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brief i^evv. In this more technical form, the observation 
of facts involves the Measurement df Phenomena ; and the 
Colligation of Facts includes all arts and rules by which 
the process of Induction can be assisted. Hence we 
shall have here to consider Methods of Observation, and 
Methods of Induction, using these phrases in the widest 
'sense. The second of the three steps above mentioned, 
the Explication of our Conceptions, does not admit of 
being much assisted by methods, although something may 
be done by Education and Discussion. 

4. The Methods of Induction, of which we have to 
speak, apply only to the first step in our ascent from phe- 
nomena to laws of nature; — ^the discovery of Laws of 
Phenomena. A higher and ulterior step remains behind, 
and follows in natural order the discovery of Laws of 
Phenomena ; namely, the Discovery of Causes ; and this 
must be stated as a distinct and essential process in a 
complete view of the course of science. Again, when we 
have thus ascended to the causes of phenomena and of 
their laws, we can often reason downwards from the 
cause so discovered ; and we are thus led to suggestions of 
new phenomena, or to new explanations of phenomena 
'■already known. Such proce^ngs may be termed Appli- 
cations of our Discoveries ; including in the phrase. Veri- 
fications of our Doctrines by such an application of them 
to observed fagjts. Hence we have the following series of 
processes concerned in the formation of science. 

(1.) Decomposition of Facts ; 

(2.) Measurement of Phenomena ; 

(3.) Explication of Conceptions ; 

(4.) Induction of Laws of Phenomena ; 

(6.) Induction of Causes ; 

(6.) Application of Inductive Discoveries. 

6. Of diese six processes, the methods by which the 
second and fourth may be assisted are here our peculiar 
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object of attention. The treatment of these subjects in 
the present work must necessarily be scanty and imper- 
fect, although we may perhaps be able to add something 
to what has hitherto been systematically taught on these 
beads. Methods of Observation and of Induction might 
of themselves form an abundant subject for a treatise, 
and hereafter probably will do so, in the bands of future 
writers. A few remarks, offered as contributions to this 
subject, may serve to show how extensive it is, and how 
much more ready it now is than it ever before was, for a 
systematic discussion. 

Of the above stops of the formation of science, the 
first, the Decomposition of Facts, has already been suffi- 
ciently explained in the Eleventh Book : for if we pur- 
sue it into further detail and exactitude, we find that we 
gradually trench upon some of the succeeding parts. I, 
therefore, proceed to treat of the second step, the Mea- 
surement of Phenomena of methods by which this work, 
in its widest sense, is executed, and these I shall term 
Methods of Observation. 


Chapter II. 

OF METHODS OF OBSERVATION. 

1. I SHALL speak, in this chapter, of Methods of 
exact and systematic observation, by which such facts 
are collected as form the materials of precise scientific 
propositions. These Methods are very various, according 
to the nature of the subject inquired into, and other cir- 
cumstances : but a great portion of them agree in being 
processes of measurement. These I shall J)eculiarly con- 
sider: and in the first place those referring to Number, 
Space, and Time, which are at the same time objects and 
instruments of measurement. 
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2. But though we have to explain how observations 
may be made as perfect as possible, we must not forget 
'that in most cases complete perfection is unattainable. 
Observations are never perfect. For we observe pheno- 
mena by our senses, and measure their relations in time 
and space ; but our senses and our measures are all, from 
various causes, inaccurate. If we have to observe the 
exact place of the moon among the stars, how much of 
instrumental apparatus is necessary ! This apparatus has 
been improved by many successive generations of astro- 
nomers, yet it is still far from being perfect. And the 
senses of man, as M'ell as his implements, are . limited in 
their exactness. Two different observei-s do not obtain 
precisely the same measures of the time and place of a 
phenomenon ; as, for instance, of the moment at which 
the moon occults a star, and the point of her limb at 
which the occultation takes place. Here, then, is a 
source of inaccuracy and error, even in astronomy, where 
the means of exact observation are incomparably more 
complete than they are in any other department of human 
research. In other cases, the task of obtaining accurate 
measures is far more difficult. If ue have to observe the 
tides of the ocean when rippled with waves, we can see 
the average leAcl of the water first rise and then fall; but 
how hard is it to select the exact moment when it is at 
its greatest height, or the exact highest point which it 
reaches ! It is very easy, M such a case, to err by many 
minutes in time, and by several inches in space. 

Still, in many cases, good Methods can remove very 
much of this inaccuracy, and to these we now proceed. 

3. (I.) Number. — Number is the first step of measure- 
ment, since it measures itself, and does not, like space and 
time, require an arbitrary standard. Hence the first exact 
observation^, and the first advances of rigorous knowledge, 
appear to have been made by means of number ; as for 
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example, — the number of days in a month and in a year; 
— the cycles according to which eclipses occur ; — ^the 
number of days in the revolutions of the planets; and 
the like. All these discoveries, as we have seen in the 
History of Astronomy, go back to the earliest period of 
the science, anterior to any distinct tradition; and these 
discoveries presuppose a series, probably a very long series, 
of observations, made principally by means of number. 
Nations so rude as to have no other means of exact mea- 
surement, have still systems of numeration by which they 
can reckon to a considerable extent. Very often, such 
nations have very complex systems, which are capable of 
expressing numbers of great magnitude. Number suppligs 
the means of measuring other quantities, by the assump- 
tion of a tmit of measure of the appropriate kind : but 
where nature supplies the unit, number is applicable di- 
rectly and immediately. Number is an important element 
in the Classificatory as well as in the Mathematical 
Sciences. The History of those Sciences shows how the 
formation of botanical systems was effected by the adop- 
tion of number as a leading element by Cassalpinus ; and 
how afterwards the Reform of Linnaeus in classifica- 
tion depended in a great degree on his finding, in the 
pistils and stamens, a better numerical basis than those 
before ei^ployed. In like manner, the number of rays 
in the membrane of the gills*, and the number of rays in 
the fins of fish, were found to be important elements in 
ichthyological classification by Artedi . and Linnaeus. 
There are innumerable instances, in all parts of Natural 
History, of the importance of the observation of number. 
And in this observation, no instrument, scale or standard 
is needed, or can be applied ; except the s^ale of natural 
numbers, expressed either in words or in figures, can be 
considered as an instrument. 

• liut> Jnd. Seu, iii. 364—365. 
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4. (II.) Measurement of Space .- — Of quantities admit- 
ting of continuous increase and decrease, (for number is 
discontinuous,) space is the most simple in its mode of 
moasurement, and requires most frequently to be mea- 
sured. The obvious mode of measuring space is by the re- 
peated application of a material measure, as when we take a 
foot-rule and measure the length of a room. And in this 
case the foot-rule is the unit of space, and the length of the 
room is expressed by the number of such units which it 
contains : or, as it may not contain an exact number, by 
a number with a fraction. But besides this measurement 
of linear space, there is another kind of space which, for 
purposes of science, it is still more important to measure, 
namely, angular space. The visible heavens being consi- 
dered as a sphere, the portions and j)aths of the heavenly 
bodies are determined by drawing circles on the surface 
of this sphere, and are expressed by means of the parts 
of these circles thus intercepted : by such measures the 
doctrines of astronomy were obtained in the very be- 
ginning of the science. The arcs of circles thus mea- 
sured, are not like linear spaces, reckoned by means of 
an arhitfwy unit ; for there is a natural unit, the total 
eireumferonce, to which all arcs may be referred. For 
the sake of convenience, the whole circumference is 
divided into 360 parts or degrees ; and by means of these 
degrees and their parts, all arcs are expressed. The arcs 
are the measures of the angles at the centre, and the 
degrees may be considered indifferently as measuring the 
one or the other of these quantities. 

6. In the History of Astronomy*, I have described 
the method of observation of celestial angles employed by 
the Greeks. ‘They determined the lines in which the 
heavenly bodies were ^een, by means either of Shadows, 
or of Sights ^ and measured the angles between such lines 

* Hut. Ind. Set,, i. 197. 
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by arcs or rules properly applied to them. The Armill, 
Astrolabe, Dioptra, and Parallactic Instrument of the 
ancients were some of the instruments thus constructed. 
Tycho Brahe greatly improved the methods of astrono- 
mical observation by giving steadiness to the frame of his 
instruments, (which were large quadrants,) and accuracy 
to the divisions of the limb*. But the application of the 
telescope to the astronomical quadrant and the fixation of 
the centre of the field by a ct'oss of fine wires j)laced in the 
focus, was an immense improvement of the instrument, 
since it substituted a precise visual ray, pointing to the star, 
instead of the coarse coincidence of Sights. The accuracy 
of observationwas still further increased by applying to the 
telescope a micrometer which might subdivide the smaller 
divisions of the arc. 

6. By this means, the precision of astronomical obser- 
vation was made so great, that very minute angular spaces 
could be measured : and it then became a question 
whether discrepancies which appeared at first as defects 
in the theory, might not arise sometimes from a bending 
or shaking of the instrument, and from the degrees marked 
on the limb being really somewhat unequal, instead of 
being rigorously equal. Accordingly, the framing and 
balancing of the instrument, so as to avoid all possible 
tremor or flexure, and the exact division of an arc into 
equal parts, became great objects of those who wished to 
improve astronomical observations. The observer no 
longer gazed at the stars from a lofty tower, but placed 
his telescope on the solid ground, and braced and balanced 
it with various contrivances. Instead of a quadrant, an 
entire circle was introduced (by Ramsdeu ; ) and various 
processes were invented for the dividing of instruments. 
Among these we may notice Troughton’s method of di- 
viding ; in which the visual ray of a microscope was substi- 

* HUt. Ind. ISci., ii. 267. 
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tu.ted for the points of a pair of compasseiBi and, by stepping 
round the circle, the partial arcs were made to bear their 
exact relation to the whole circumference. 

7. Astronomy is not the only science which depends 
on the measurement of angles. Crystallography also 
requires exact measures of this kind ; and the gmiometer, 
especially that devised by Wollaston, supplies the means 
of obtaining such measures. The science of Optics also, 
in many cases, requires the measurement of angles. 

8. In the measurement of linear space, there is no 
natural standard which offers itself. Most of the common 
measures appear to be taken from some part of the human 
body ; as a fooU a cuhit, a fathom ; but such measures 
cannot possess any precision, and are altered by conven- 
tion : thus there were in ancient times many kinds of 
cubits ; and in modern Europe, there are a great number 
of different standards of the foot, as the Rhenish foot, 
the Paris foot, the English foot. It is very desirable that, 
if jjossible, some permanent standard, founded in nature, 
should be adopted ; for the conventional measures arc 
lost in the course of ages ; and thus, dimensions expressed 
by means of them become unintelligible. Two different 
natural standards liave been employed in modern times : 
the French have referred their measures of length to the 
total circumference of a meridian of the earth ; a quadrant 
of this meridian consists of ten million units or metres. 
The English have fixed their linear measure by reference 
to the length of a pendulum M’hich employs an exact 
second of time in its small osillation. Both these methods 
occasion considerable difficulties in carrying them into 
effect; and are to be considered mainly as means of recover- 
ing the standard if it should ever be lost. For common 
purposes, some material standard is adopted as authority 
for the time': for example, the standard which in England 
possessed legal authority up to the year 1835 was pre- 
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served in the House of Parliament ; and vas lost in the 
conflagration which destroyed that edifice. The standard 
of length now generally referred to by men of science 
in England is that which is in the possession of the Astro- 
nomical Society of London. 

9. A standard of length being established, the artifices 
for apj)lying it, and for subdividing it in the most accurate 
manner, are nearly the same as in the case of measures of 
arcs : as for instance, the employment of the visual rays 
of microscopes instead of the legs of compasses and the 
edges of rules ; the use of micrometers for minute mea- 
surements; and the like. Many different modes of avoid- 
ing error in such measurements have been devised by 
various observers, according to the nature of the cases 
Avith which they had to deal*. 

10. (III.) Measurement of Time . — The methods of 
measuring Time are not so obvious as the methods of 
measuring space ; for we cannot apj)ly one portion of time 
to another, so as to test their equality. W e are obliged 
to begin by assuming some change as the measure of time. 
Thus the motion of tlie sun in the sky, or the length and 
position of the shadows of objects, AA'cre the first modes 
of measuring the parts of the day. But what assurance 
had men, or Avhat could they liaA^e, that the motion of the 
sun or of the shadow was uniform ? They could have no 
such assurance, till they had adopted some measure of 
smaller times; which smaller times, making up larger times 
by repetition, they took as the standard of uniformity; — 
for example, an hour-glass, or a clepsydra which answered 
the same purpose among the ancients. There is no appa- 
rent reason Avhy the successive periods measured by the 
emptying of the hour-glass should be unequal ; they are 

• 

* On tlio precautions employed in astronomical iiishnmcnts for the 
me asure of space, see Sir J. Hersciiel’s Astronomy^ (in the Calinct 
(•'ydopwclia^) Art. 103—110. 



492 METHODS EMPLOYED IN THE FORMATION OF SCIENCE. 

implicitly accepted as equal ; and by reference to these, 
the uniformity of the sun’s motion may bo verified. But 
the great improvement in the measurement of time was 
the use of a pendulum for the purpose by Galileo, and 
the application of this device to clocks by Huyghens in 
1 666. For the successive oscillations of a pendulum are 
rigorously equal, and a clock is only a train of machinery 
employed for the purpose of counting these oscillations. 
By means of this invention, the measure of time in astro- 
nomical observations became as accurate as the measure 
of space. 

11. What is the natural unit of time ? It was assumed 
from the first by the Greek astronomers, that the sidereal 
days, measured by the revolution of a star from any me- 
ridian to the same again, are exactly equal ; and all im- 
provements in the measure of time tended to confirm this 
assumption. The sidereal day is tliereforo the natural 
standard of time. But the solar day, determined by the 
diurnal revolution of the sun, although not rigorously 
invariable as the sidereal day is,'undergoes scarcely any 
perceptible variation ; and since the course of daily occur- 
rences is regulated by the sun, it is far more convenient 
to seek the basis of our unit of time in his motions. 
Accordingly the solar day (the mean solar day) is divided 
into 24 hours, and these, into minutes and seconds ; and 
this is our scale of time. Of such time, the sidereal day 
has 28 hours 56 minutes 4-09 seconds. And it is plain 
that by such a statement the length of the hour is fixed, 
with reference to a sidereal day. The standard of time 
(and the standard of space in like manner) equally answers 
its purpose, whether or not it coincides with any whole 
number of units. 

12. Since the sidereal day is thus the standard of our 
measures of* time, it becomes desirable to refer to it, con- 
stantly and exactly, the instruments by which time is 
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measured, in order that we may secure ourselves against 
error. For this purpose in astronomical observatories, ob- 
servations are constantly made of the transit of stars across 
the meridian ; the transit instrument with which this is done 
being adjusted with all imaginable regard to accuracy*. 

18. When exact measures of time are required in 
other than astronomical observations, the same instru- 
ments are still used, namely, clocks and chronometers. 
In chronometers, the regulating part is an oscillating 
body ; not, as in clocks, a pendulum oscillating by the 
force of gravity, but a wheel swinging to and fro on its 
centre, in consequence of the vibrations of a slender coil 
of elastic wire. To divide time into still smaller portions 
than these vibrations, other artifices are used ; some of 
which will be mentioned under the next head. 

14. (IV.) Conversion of Space and TV'we.— ‘Space and 
time agree in being extended quantities, which are made 
up and measured by the repetition of homogeneous parts. 
If a body move uniformly, whether in the way of revolv- 
ing or otherwise, the space which any point describes, is 
proportioned to the time of its motion ; and the space and 
the time may each be taken as a measure of the other. 
Hence in such cases, by taking space instead of time, 
or time instead of space, we may often obtain more con- 
venient and precise measures, than we can by measuring 
directly the element with which we are concerned. 

The most prominent example of such a conversion, is 
the measurement of the Right Ascension of stars, (that 
is, their angular distance from a standard meridian f on 
the celestial sphere,) by means of the time employed in 
their coming to the meridian of the place of observation. 

■* On tlie precautions employed in tho measure of time by astrono- 
raors, see HebsChel's Astron., Art. 115— 1>27. 

t A meridian is a circle passing through the poles about which the 
celestial sphere revolves. The meridian of any place on the earth is 
that meridian which is exactly over the place. 
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Since, as we have already stated, the visible celestial 
sphere, carrying the fixed stars, revolves with perfect uni- 
formity about the pole ; if we observe the stars as they 
come in succession to a fixed circle passing through the 
poles, the intervals of time between these observations 
will be proportional to the angles which the meridian 
circles passing through these stars make at the poles 
where they meet ; and hence, if we have the means of 
measuring time with great accuracy, we can, by watching 
the thnes of the transits of successive stars across some 
visible mark in our owai meridian, determine the angular 
distances of the meridian circles of all the stars from one 
another. 

Accordingly, now that the pendulum clock affords 
astronomers the means of determining time exactly, a 
measurement of the Right Ascensions of heavenly bodies 
by moans of a clock and a transit instrument, is a part of 
the regular business of an observatory. If the sidereal 
clock be so adjusted that it marks the beginning of its 
scale of time when the first point of Right Ascension is 
upon the visible meridian of our observatory, the point 
of the scale at which the clock points when any other 
star is in our meridian, will truly represent the Right 
Ascension of the star. 

Thus as the motion of the stars is our measure of 
time, we employ time, conversely, as our measure of the 
places of the stars. The celestial machine and our ter- 
restrial machines correspond to each other in their move- 
ments ; and the star steals silently and steadily across our 
meridian line, just as the pointer of the clock steals past 
the mark of the hour. We may judge of the scqdc of 
this motion b5^ considering that the full moon employs 
about two minutes of tjme in sailing across any fixed line 
seen against .the sky, transverse to her path : and all the 
celestial bodies, carried along by the revolving sphere, 
travel at the same rate. 
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15. In this case, up to a certain degree, we render 
our measures of astronomical angles more exact and 
convenient by substituting time for space ; but when, in 
the very same kind of "observation, we wish to proceed 
to a greater degree of accuracy, we find that it is best 
done by substituting space for time. In observing the 
transit of a star across the meridian, if we have the clock 
within hearing, w'e can count the beats of the pendulum 
by the noise which they make, and tell exactly at which 
second of time the passage of the star across the visible 
thread takes place ; and thus we measure Right Ascen- 
sion by means of time. But our perception of time does 
not allow us to divide a second into ten parts, and to pro- 
nounce whether the transit takes place three-tenths, six- 
tenths, or seven-tenths of a second after the preceding 
beat of the clock. This, however, can be done by the 
usual mode of observing the transit of a star. The 
observer, listening to the beat of his clock, histens his 
attention upon the star at each beat, and especially at 
the one immediately before and the one immediately 
.after the passage of the thread : and by this means he 
has these two positions and the positions of tlie thread so 
far present to his intuition at once, tliat he can judge in 
Avhat proportion the thread is nearer to one position than 
than the other, and can thus divide the intervening second 
in its due proportion. Thus if he observe that at the 
beginning of the second the star is on one side of the 
thread, and at the end of the second on the other side ; 
and that the two distances from the thread are as two to 
three, he knows that the transit took place at two-fifths • 
(or %ur-tenth8) of a second after the former beat. In 
this way a second of time in astronomical observations 
may, by a skilful observer, be divided into ten equal parts ; 
although W’hen time is observed as time, a tenth of a 
second appears almost to escape our senses. From the 
above explanation, it Avill be seen that the reason why 



496 METHODS EMPLOYED IM THE FORMATION OP SCIENCE. 

the subdivision is possible in the way thus described, is 
this:>~-tbat the moment of time thus to be divided is So 
small, that the eye and the mindjcan retain, to the end of 
this moment, tlie impression of position which it received 
at the beginning. Though the two positions of the star, 
and the intermediate thread, are seen successively, they 
can be contemplated by the mind as if they were seen 
simultaneously : and thus it is precisely the smallness.of 
this portion of time which enables us to subdivide it by 
means of space. 

16. There is another case, of somewhat a different 
kind, in which time is employed in measuring space; 
namely, when space, or the standard of space, is dfefined 
by the length of a pendulum oscillating in a given time. 
We might in this way define any space by the time which 
a pendulum of such a length would take in oscillating ; 
and thus we might speak, as was observed by those who 
suggested this device, of five minutes of cloth, or a rope 
half an hour long. We may observe, however, that in 
this case, the space is not proportional to the time. And 
we may add, that though we tlius appear to avoid the 
arbitrary standard of space (for as we have seen, the 
standard of measures of time is a natural one,) we do not 
do so in fact for wo assume the invariableness of gravity, 
which really varies (though very slightly,) from place to 
place. 

17. (V.) The Method of Repetition in Measurement. 
—In many cases we can give great additional accuracy 
to our measurements by repeatedly adding to itself the 

'quantity which we wish to measure. Thus if we wished 
to ascertain the exact breadth of a thread, it might not 
be easy to determine whether it was one-ninetieth, or one- 
ninety-fifth, or one-hundredth part of an inch ; but if we 
find that nfuety-six such threads placed side by side 
occupy exactly an inch, we have the precise measura of 
the breadth of the thread. In the same manner, if two 
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clock's are going nearly at the same rate, we may not be 
able to distinguish the excess of an oscillation of one of 
the pendulums over an oscillation of the other : but when 
the two clocks have gone for an hour, one of them may 
have gained ten seconds upon the other; thus showing 
that the proportion of their times of oscillation is 3610 
to 3600. 

In the latter of these instances, we have the principle 
of repetition truly exemplified, because (as has been 
justly observed by Sir J. Herschel*,) there is then “a 
Juxtaposition of units without eri’or,” — “one vibration 
commences exactly where the last terminates, no part of 
time being lost or gained in the addition of the units so 
counted.” In space, this juxtaposition of units without 
error cannot be rigorously accomplished, since the units 
must be added together by material contact (as in the 
case of the threads,) or in some equivalent manner. Yet 
the principle of repetition has been applied to angular 
measurement with considerable success in Borda’s Re- 
peating Circle. In this instrument, the angle between 
two objects which we have to observe, is repeated along 
the graduated limb of the circle by turning the telescope 
from one object to the other, alternately fastened (o the 
circle (by its clamp) and loose from it (by imclamping). 
In this manner the errors of graduation may (theore- 
tically) be entirely got rid of : for if an angle repeated 
nine times be found to go twice round the circle, it must 
be exactly eighty degrees : and w^here the repetition does 
not give an exact number of circumferences, it may still 
be made to subdivide the error to any required extent. 

18. Connected with the principle of repetition, is the 
Method of coincidences or interferences. If .ive have two 
Scales, on one of which an inch is divided into 10, and 
on the other into 11 equal parts; and if, these Scales 

* Dm. Nat. Phil., Art. 121. 
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being placed side by side, it appear that the beginning of 
the latter Scale is between the 2nd and 3rd division of 
the fbnnpr, it may not be apparent what fraction added 
to 2 determines the place of beginning of the second 
Scale as measured on the first. But if it appear also 
that the 8rd division of the second Scale coiticides with a 
certain division of the first, (the 6th,) it is certain that 2 
and three-tenths is the exact place of the beginning of the 
second Scale, measured on the first' Scale. The 3rd 
division of the 11 Scale will coincide (or interfere with) 
a division of the 10 Scale, when the beginning or zero of 
the 11 divisions is three-tenths of a division hejond the 
j)receding line of the 10 Scale ; as will be plain on a 
little consideration. And if we have two Scales of equal 
units, in which each unit is divided into nearly, but not 
quite, the same number of equal parts (as 10 and 11, 19 
and 20, 29 and 30,) and one sliding on the other, it will 
always happen that some one or other of the division lines 
will coincide, or very nearly coincide ; and thus the exact 
position of the beginning of one unit, measured on the 
other scale, is determined. A sliding scale, thus divided 
for the purpose of subdividing the units of that on which 
it slides, is called a‘ Vernier, from the name of its inventor. 

19. The S&mc Principle of Coincidence or Interfe- 
rence is applied to the exact measurement of the length 
of time occupied in the oscillation of a pendulum. If a 
detached pendulum, of such a length as to swing in little 
less than a second, be placed before the seconds’ pendu- 
lum of a clock, and if the two pendulums begin to move 
together, the former will gain upon the latter, and in a 
little while their motions will be quite discordant. But 
if we go on ‘watching, we shall find them, after a time, 
to agree again exactly; namely, wheh the detached pen- 
dulum ha 4 gained one comjdete oscillation (back and 
forwards,) upon the clock pendulum, and again coincides 
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with it in its motion. If this happen after 5 minutes, 
we know that the times of oscillation of the two pen- 
dulums are in the proportion of 300 to 302, and there- 
fore the detached pendulum oscillates in of a second. 
The accuracy which can be obtained in the measure of 
an oscillation by this means is great ; for the clock can 
be compared (by observing transits of the stars or other- 
wise) with the natural standard of time, the sidereal day. 
And the moment of coincidence of the two pendulums 
may, by proper arrangements, be very exactly determined. 

Wn have hitherto spoken of methods of measuring 
time and space, but other elements also may be very 
j)recisely measured by various means. 

20. (VI.) Measurement of Weight. — Weight, like 
space and time, is a quantity made up by addition of 
}>arts, and may be measured by similar methods. The 
principle of repetition is applicable to the measurement 
of weight ; for if two bodies be put in the same pan of a 
balance, their weights arc exactly added. 

There may be difficulties of practical workmanship in 
carrying into effect the mathematical conditions of a per- 
fect balance ; for example, in securing an exact equality 
of the effective arms of the beam in all positions. These 
difficulties are evaded by the Method of double weighing ; 
according to which the standard weights, and the body 
which is to be weighed, are successively put in the same 
pan, and made to balance by a third body in the opposite 
scale. By this means the different lengths of the arms 
of the beam, and other imperfections of the balance, 
become of no consequence*. 

21. There is no natural Standard of weight. The 
conventional weight taken as the standard„is the weight 
of a given bulk of some knojvn substance ; for instance. 

For other methods of measuring weights accuratply, see Faha- 
day’s Chemical Manipidatim^ p. 25. 


2 K 2 
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a cubic foot of water. But in order that this may be defi- 
nite, the water must not contain any portion of hetero- 
geneous substance : hence it is required that the water 
be distilled water. 

22. (VII.) Measurement of Secondary Qualities. — We 
have already seen* that secondary qualities are estimated 
by means of conventional Scales, which refer them to 
space, number, or some other definite expression. Thus 
the Thermometer measures heat ; the Musical Scale, with 
or without the aid of number, expresses the pitch of a 
note ; and we may have an exact and complete Scale of 
Colours, pure and impure. We may remark, however, 
that with regard to sound and colour, the estimates of the 
ear and the eye are not superseded, but only assisted ; 
for if we determine what a note is, by comj)aring it with 
an instrument known to be in tune, we still leave the ear 
to decide when the note is in unison with one of the notes 
of the instrument. And when we compare a colour with 
our chromato^cter, we judge by the eye which division 
of the chromatometer it matches. Colour and sound have 
their Natural Scales, which the eye and ear habitually 
apply ; what science requires is, that those scales should 
be systematized. We have seen that several conditions 
are requisite in such scales of qualities: the observer’s 
skill and ingenuity are mainly shown in devising such 
scales and methods of applying them. 

23. The Method of Coincidences is employed in har- 
monics: for if two notes are nearly, but not quite, in 
unison, the coincidences of the vibrations produce an 
audible undulation in the note, which is called the howli 
and the exactness of the unison is known by this howl 
vanishing. • 

24. (VIII.) ManipulatUm. — The process of applying 
practically methods of experiment and observation, is 

* Book iii. c. 2. Of tlio Measure of Secoiid.'vry Qualities. 
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termed Manipulation; and the value of observations 
depends much upon the proficiency of the observer in 
this art. This skill appears, as we have said, not only in 
devising means and modes of measuring results, but also 
in inventing and executing arrangements by which ele- 
ments are subjected to such conditions as the investiga- 
tion requires : in finding and using some material combi- 
nation by which nature shall be asked the question which 
we have in our minds. To do this in any subject may be 
considered as a peculiar Art, but especially in Chemistry; 
where “ many experiments, and even whole trains of 
research, are essentially dependent for success on mere 
manipulation*.” The changes which the chemist has to 
study, — compositions, decompositions, and mutual actions, 
affecting the internal structure rather than the external 
form and motion of bodies, — are not familiarly recognized 
by common observers, as those actions are which operate 
upon the total mass of a body: and hence it is only when 
the chemist has become, to a certain degree, familiar 
with his science,. tliat ho has the power of observing. He 
must learn to interpret the effects of mixture, beat, and 
other chemical agencies, so as to see in them those facts 
which chemistry makes the basis of her doctrines. And 
in learning to interpret this language, he must also learn 
to call it forth ; — to place bodies under the requisite con- 
ditions, by the apparatus of his own laboratory and the 
operations of his own fingers. To do this with readiness 
and precision, is, as we have said, an Art, both of the 
mind and of the hand, in no small degree recondite and 
difficult. A person may be well acquainted with all the 
doctrines of chemistry, and may yet fail in the simplest 
experiment. How many precautions and observances, 
what resource and invention,-what delicacy and vigilance, 


* Fahaday's Chemical Manijjitlation^ p. 3. 
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are requisite in chemical manipulation, may be seen by 
reference to Dr. Faraday’s work on that subject. 

26. The same qualities in the observer are requisite 
in some other departments of science ; for example, in 
the researches of Optics: for in these, after the first 
broad facts have been noticed, the remaining features of 
the phenomena are both very complex and very minute ; 
and require both ingenuity in the invention of experi- 
ments, and a keen scrutiny of their results. We have 
instances of the application of these qualities in most of 
the optical experimenters of recent times, and certainly in 
no one more than Sir David Brewster. Omitting here all 
notice of his succeeding labours, his Treatise on New Phi- 
losophical Instruments, published in 1813, is an excellent 
model of the kind of resource and skill of which we now 
speak. I may mention -as an example of this skill, his 
mode of determining the refractive power of an irregular 
fragment of any transjjarent substance. At first this 
might appear an impossible problem ; for it would seem 
that a regular and smooth surface are requisite, in order 
that we may have any measurable refraction. But Sir 
David Brewster overcame the difiiculty by immersing the 
fragment in a combination of fluids, so mixed, that they 
had the same refractive power as the specimen. The 
question, when they had this power, was answered by no- 
ticing when the fragment became so transparent that its 
surface could hwdly be seen ; for this happened when, 
the refractive power within and without the fragment 
being the same, there was no refraction at the surface. 
And this condition being obtained, the refractive power 
of the fluid, and therefore of the fragment, was easily 
ascertained. * 

26. (IX.) The Education of the Senses. — ^CoIour and 
Musical Tone are, as we have seen, determined by means 
of the Senses, whether or not Systematical Scales are 
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used in expressing the observed fact. Systematical Scales 
of sensible qualities, however, not only give precision to 
the record, but to the observation. But for this purpose 
such an Education of the Senses is requisite as may 
enable us to apply the scale immediately. The memory 
must retain the sensation or percejition to which the 
technical term or degree of the scale refers. Thus with 
regard to colour, as we have said already*, when we find 
such terms as tin-white or pinchbeck-hrown, the metallic 
colour so denoted ought to occur at once to our recollec- 
tion without delay or search. The observer’s senses, 
therefore, must be educated, at first by an actual exhibi- 
tion of the standard, and afterwards by a familiar use of 
it, to understand readily and clearly each phrase and 
degree of the scales which in his observations he has to 
apply. This is not only the bgst, but in many cases the 
only way in which the observation can be expressed. 
Thus glassy lustre, fatty lustre, adamantine lustre, denote 
certain kinds of shining in minerals, which appearances 
we should endeavour in vain to describe by periphrasis ; 
and which the terms, if considered as terms in common 
language, would by no means cleariy discriminate : for who, 
in common language, would say that coal has a fatty 
lustre ? But these terms, in their conventional sense, are 
perfectly definite ; and when the eye is once familiarized 
with this application of them, are easily and clearly intel- 
ligible. 

27. The education of the senses, which is thus requi- 
site in order to understand well the terminology of any 
science, must be acquired by an inspection of the objects 
which the science deals with ; and is, perhaps, best pro- 
moted by the practical study of Natural History. In the 
different departments of Natural History, the descriptions 
of species are given by means of’ an extensive technical 

Book viii. c. 3. Temiiiiolo^iy. 



504 METHODS EMPLOYED IM THE FORMATION OF SCIENCE. 

tei'minology : and that education of which we now speak, 
ought to produce the effect of making- the observer as 
familiar with each of these terms as we are with the 
words of our common language. The terms have a much 
more precise meaning than other terms, since they are 
defined by express convention, and not learnt by common 
usage merely. Yet though they are thus defined, not the 
definition, but the perception itself, is that which the term 
suggests to the proficient. 

In order to use the terminology to any good purpose, 
the student must possess it, not as a dictionary, but as a 
language. The terminology of his sciences must be the 
natural historian’s most familiar tongue. He must learn 
to think in such language. And when this is achieved, 
the terminology, as I have elsewhere said*, though to an 
uneducated eye cumbrou^ and pedantical, is felt to be a 
useful implement, not an oppressive burden. The im- 
patient schoolboy looks ujjon his gi'aramar and vocabulary 
as irksome and burdensome; but the accomplished stu- 
dent who has learnt the language by means of them, 
knows that they have given him the means of expressing 
what he thinks, and even of thinking more precisely. 
And as the study of language thus gives precision to tlio. 
thoughts, the study of Natural History, and especially of 
the descriptive part of it, gives precision to the senses. 

The Education of the Senses is also greatly promoted 
by the practical pursuit of any science of experiment and 
observation, as chemistry or astronomy. The methods of 
manipulating, of which we have just spoken, in chemistry, 
and the methods of measuring extremely minute portions 
of space and time which are employed in astronomy, and 
which are described in the former part of this chapter, are 
among the best modes of educating the senses for purposes 
of scientific observatiori. 

r 

Hut. Ind. Sciy Hi. 307. 
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28. By the various Methods of precise observation 
which wo have thus very briefly described, facts are col- 
lected, of an exact and definite kind ; they are then bound 
together in general laws, by the aid of general ideas and 
of such methods as we have now to consider. It is true, 
that the ideas which enable us to combine facts into 
general propositions, do commonly operate in our minds 
while we are still engaged in the office of observing. 
Ideas of one kind or other are requisite to connect our 
phenomena into facts, and to give meaning to the teiTns 
of our descriptions : and it frequently happens, that long 
before we have collected all the facts which induction 
requires, the mind catches the suggestion which some of 
these ideas offer, and leaps forwards to a conjectural law 
while the labour of observation is yet unfinished. But 
though this actually occurs, it, is easy to see that the 
process of combining and generalizing facts is, in the 
order of nature, posterior to, and distinct from, the pro- 
cess of observing facts. Not only is this so, but there is 
an intermediate step which, though inseparable from all' 
successful generalization, may be distinguished from it in 
our survey; and may, in some degree, be assisted by 
peculiar methods. To the consideration of such methods 
we now proceed. 


Chapter III. 

OF METHODS OF ACQUIRING CLEAR SCIENTIFIC 
IDEAS; and first OF INTELLECTUAL 
EDUCATION. 

The ways in which men become masters of those 
clear and yet comprehensive conceptions which the for- 
mation and reception of science require, are plainly two ; 
which, although we cannot reduce them to any exact 
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scheme, we may still, in a loose use of the term, call 
Methods of acquiring clear Ideas. These two ways are 
Education and Discussion. 

1. (I.) Idea of Space . — It is easily seen that Education 
may do at least something to render our ideas distinct 
and precise. To learn Geometry in youth, tends, mani- 
festly, to render our idea of space clear and exact. By 
such an education, all the relations, all the consequences 
of this idea, come to be readily and steadily ajiprehended ; 
and thus it becomes easy for us to understand portions of 
science which otherwise we should by no means be able 
to comprehend. The conception of similar irwufles was 
to be mastered, before the disciples of Thales could see 
the validity of his method of determining the height of 
lofty objects by the length of their shadows. The con- 
ception of the sphere ivith its circles had to become familiar, 
before the annual motion of the sun and its influence upon 
the lengths of days could be rightly traced. The proper- 
ties of circles, combined with the pure* doctrim of motion, 

* were required as an introduction to the theory of Epicy- 
cles: the properties of conic sections were needed, as a 
preparation for the discoveries of I^epler. And not only 
was it necessary that men should possess a hnowledp of 
certain figures and their properties ; but it was equally 
necessary that they should have the hdnt of reasoning with 
perfect steadiness, precision, and conclusiveness concern- 
ing the relations of space. No small discipline of the 
mind is requisite, in most cases, to accustom it to go, 
with complete insight and security, through the demon- 
strations respecting intersecting planes and lines, dihedral 
and trihedral angles, which occur in solid geometry. Yet 
how absolut^y necessary is a perfect mastery of such 
reasonings, to him who is to explain the motions of the 
moon in latitude and longitude ! How necessary, again, 


* b. ii. c. 12. 
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is the same faculty to the student of crystallography ! 
Without mathematical habits of conception and of think- 
ing, these portions of science are perfectly inaccessible. 
But the early study of plane and solid geometry gives to 
all tolerably gifted persons, the habits which are thus 
needed. The discipline of following the reasonings of 
didactic works on this subject, till we are quite familiar 
with them, and of devising for ourselves reasonings of the 
same kind, (as, for instance, the solutions of problems 
propqsed,) soon gives the mind the power of discoursing 
with perfect facility concerning the most complex and 
multiplied relations of space, and enables us to refer to 
the properties of all plane and solid figures as surely as 
to the visible forms of objects. Thus we have here a 
signal instance of the efficacy of education in giving to 
our Conceptions that clearness, which the formation and 
existence of science indispensably require. 

2. It is not my intention here to enter into the details 
of the form which should be given to education, in order 
that it iqay answer the purposes now contemplated. But’ 
I may make a remarkj which the above examples naturally 
suggest, that in a mathematical education, considered as 
a preparation for furthering or understanding physical 
science. Geometry is to be cultivated, far rather than 
Algebra : — the properties of space are to be studied and 
reasoned upon as they are in themselves, not as they are 
replaced and disguised by symbolical representations. It 
is true, that when the student is become quite familiar 
with elementary geometry, he may often enable himself 
to deal in a more rapid and comprehensive manner with 
the relations of space, by using the language of symbols 
and the principles of symbolical calculation : but this is 
an ulterior step, which may bo added to, but can never 
be substituted for, the direct cultivation qf geometry. 
The method of symbolical reasoning employed upon sub- 
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jects of geometry and mechanics, has certainly achieved 
some remarkable triumphs in the treatment of the theory 
of the universe. These successful applications of symbols 
in the highest problems of physical astronomy appear to 
have made some teachers of mathematics imagine that it 
is best to begin the pupil’s course with such symbolical 
generalities. But this mode of proceeding will be so far 
from giving the student clear ideas of mathematical rela- 
tions, that it will involve him in utter confusion, and 
probably prevent his -ever obtaining a firm footing iij geo- 
metry. To commence mathematics in such a way, would 
be much as if we should begin the study of a language by 
reading the highest strains of its lyrical iioetry. 

3. (11.) Idea of Number, Sfc . — The study of mathe- 
matics, as I need hardly observe, develops and renders 
exact, our conceptions of the relations of number, as well 
as of space. And although, as we have already noticed, 
even in their original form the conceptions of number are 
for the most part very distinct, they may be still further 
improved by such discipline. In complex cases, a metbo- 
dical cultivation of the mind in such subjects is needed : 
for instance, questions concerning cycles, and intercala- 
tions, and epacts, and the like, require very great steadi- 
ness of arithmetical apprehension in order that the rea- 
soner may deal with them rightly. In the same manner, 
a mastery of problems belonging to the science of Pure 
Motion, or, as I have termed it. Mechanism, requires 
either great natural aptitude in the student, or a mind 
properly disciplined by suitable branches of mathematical 
study. 

4. Arithmetic and Geometry have long been standard 
portions of tlie education of cultured persons throughout 
the civilized world ; and hence all such persons have 
been able to accept Wd comprehend those portions ot 
science which depend upon the idea of space : for instance, 
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the doctrine of the globular form of the earth, with its 
consequences, such as the measures of latitude and longi- 
tude ; — the heliocentric system of the universe in modern, 
or the geocentric in ancient times; — the explanation of 
the rainbow ; and the like. In nations where there is no 
such education, these portions of science cannot exist as 
a part of the general stock of the knowledge of society, 
however intelligently they may be pursued by single 
philosophers dispersed here and there in the community. 

5. (III.) Idea of Fm'ce . — As the idea of Space is 
brought out in its full evidence by the study of Geometry, 
so the idea of Force is called up and developed by the study 
of the science of Mechanics. It has already been shown, 
ill our scrutiny of the Ideas of the Mechanical Sciences, 
that Force, the Cause of motion or of equilibrium, involves 
an independent Fundamental Idea, and is quite incapable of 
being resolved into any mere modification of our concep- 
tions of space, time, and motion. And- in order that the 
student may })ossess this idea in a precise and manifest 
sha[ie, he must jmrsue the science of Mechanics in the 
mode which this view of its nature demands ; — that is, 
he must study it as an independent science, resting on 
solid elementary principles of its own, and not built upon 
some other unmechanical science as its substructure. He 
must trace the truths of Mechanics from their own axioms 
and definitions ; those axioms and definitions being con- 
sidered as merely means of bringing into play the Idea 
on Avhich the science depends. The conceptions of force 
and matter, of action and reaction, of momentum and 
inertia, with the reasonings in which they are involved, 
cannot be evaded by any substitution of lines or symbols 
for the concejitions. Any attempts at sucji substitution 
would render the study of Mechanics useless as a prepa- 
ration of the mind for physical scfence ; and would, in- 
deed, except counteracted by great natural clearness of 
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thought on such subjects, fill the mind with confused and 
vague notions, quite unavailing for any purposes of sound 
reasoning. But, on the other hand, the study of Mecha- 
nics, in its genuine form, as a branch of education, is fitted 
to give a most useful and valuable precision of thought 
on such subjects ; and is the more to be recommended, 
since, in the general habits of most men’s minds, the 
mechanical conceptions are tainted with far greater ob- 
scurity and perplexity than belongs to the conceptions of 
number, space, and motion. 

6. As habitually distinct conceptions of space and 
motion were requisite for the reception of the doctrines 
of formal astronomy, (the Ptolemaic and Copernican 
system,) so a clear and steady conception of force is 
indispensably necessary for understanding the Newtonian 
system of physical astronomy. It may be objected that 
the study of Mechanics as a science has not commonly 
formed part of a liberal education in Europe, and yet 
that educated persons have commonly accepted the New- 
tonian system. ' Btit to this we reply, that although most 
persons of good intellectual culture have professed to 
assent to the Newtonian system of the universe, yet they 
have, in fact, entertained it in so vague and perplexed a 
manner as to show very clearly that a better mental 
preparation than the usual one is necessary, in order that 
such persons may really understand the doctrine of 
universal attraction. I have already spoken of the pre- 
valent indistinctness of mechanical conceptions*; and 
need* not here dwell upon the indications, constantly 
occurring in conversation and in literature, of the utter 
inaccuracy of thought on such subjects which may often 
be detected ;f for instance, in the mode in which many 
men speak of centrifugal and centripetal forces of pro- 
jectile and central fdrees; — of the effect of the moon 

* Vol. i. p. 257. 
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upon the waters of the ocean ; and the like. The inco- 
herence of ideas which we frequently witness on such 
points, shows us clearly that, in the minds of a great 
number of men, well educated according to the present 
standard, the acceptance of the doctrine of universal 
gravitation is a result of traditional prejudice, not of 
rational conviction. And those who are Newtonians on 
such grounds, ai'e not at all more intellectually advanced 
by being Newtonians in the nineteenth century, than 
they would have been by being Ptolemaics in the fif- 
teenth. 

7. It is undoubtedly in the highest degree desirable 
that all great advances in science should become the 
common property of all cultivated men. And this can 
only be done by introducing into the course of a liberal 
education such studies as unfold and fix in men’s minds 
the fundamental ideas upon which the new discovered 
truths rest. The progress made by the ancients in geo- 
graphy, astronomy, and other sciences, led them to assign, 
wisely and well, a place to arithmetic’ and geometry 
among the steps of an ingenuous education. The dis- 
coveries of modern times have rendered these steps still 
more indispensable ; for wo cannot consider a man as 
cultivated up to the standard of his times, if he is not 
only ignorant of, but incapable of comprehending, the 
greatest achievements of the human intellect. And as 
innumerable discoveries of all ages have thus secured to 
Geometry her place as a part of good education, so the 
great discoveries of Newton make it proper to introduce 
Elementary Mechanics as a part of the same course. If 
the education deserve to be called good, the pupil will 
not remain ignorant of those discoveries, th§ most remark- 
able extensions of the field of human knowledge which 
have ever occurred. Yet he cannot by possibility com- 
prehend them, except his mind be previously disciplined 
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by mechanical studies. The period appears now to be 
arrived when we may venture, or rather when we are 
bound to endeavour, to include a new class of funda- 
mental ideas in the elementary discipline of the human 
intellect. This is indispensable, if we wish to educe the 
powers wliich -we know that it possesses, and to enrich it 
with the wealth which lies within its reach*. 

8. By the view which is thus presented to us of the 
nature and objects of intellectual education, we are led 
to consider the mind *bf man as undergoing a progress 
from age to age. By the discoveries which are made, 
and by the clearness and evidence which, after a time, 
(not suddenly nor soon,) the truths thus discovered 
acquire, one portion of knowledge after another becomes 
elementary; and if we would really secure this progress, 
and make men share in it, these new portions must be 
treated as elementary i?i the constitution of a liberal 
education. Even in the rudest forms of intelligence, 
man is immeasurably elevated above the unprogressivo 
brute, for the idea of number is so far developed that he 
can count his flock or his arrows. But when number is 
contemplated in a speculative form, he has made a vast 
additional progress ; when he steadily apprehends the 
relations of space, he has again advanced ; when in 
thought he carries these relations into the vault of the 
sky, into the expanse of the universe, he reaches a higher 
intellectual position. And when he carries into these 
wide regions, not only the relations of space and time, 
but of cause and effect, of force and reaction, he has again 
made an intellectual advance ; which, wide as it is at first, 
is accessible to all ; and with which all should acquaint 
themselves, if, they really desire to prosecute with energy 
the ascending path of truth and knowledge which lies 

* The University of danibridgc has, by a recent law, made an 
examination in ‘Elementary Mechanics requisite for the Degree of B. A. 
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before them. This should be an object of exertion to all 
ingenuous and hopeful minds. For that exertion is 
necessary, — that after all possible facilities have been 
afforded, it is still a matter of toil and struggle to appro- 
2 >riate to ourselves the acquisitions of great discoverers, 
is not to be denied. Elementary mechanics, like elemen- 
tary geometry, is a study accessible to all ; but like that 
too, or perhajis moi’c than that, it is a study Avbich requires 
effort and contention of mind, — a forced steadiness of 
thought. It is long since one complained of this labour 
ill geometry ; and was answered that in that region there 
is no Rojjal Road. The same is true of Mechanics, and 
must be true of all branches of solid education. But we 
should exjiress the truth more appropriately in our days 
by saying that there is no Road to these sciences. 

In the mind, as in tiie body, strenuous exercise alone can 
give strength and activity. The art of exact thought can 
be acquired only by the labour of close thinking. 

9. (IV.) Chemical Ideas . — AVe appear then to have 
arrived at a point of human progress in which a liberal 
education of the scientific intellect should include, besides 
arithmetic, elementary geometry and mechanics. The 
question then occurs to us, whether there are any other 
Fundarnental Ideas, among those belonging to other 
sciences, which ought also to bo made part of such an 
education ; — whether, for example, wo should strive to 
develop in the minds of all cultured men the ideas of 
polarity, mechanical and chemical, of which we spoke in 
a former part of this work. 

The views to which we have been conducted by the pre- 
vious inquiry lead us tb reply that it would not be well to 
make cAmeW polarities, at any rate, a subject bf elementary 
instruction. For even the most profound and acute jihi- 
losojihers who have speculated upon this subject, — they 
■who are leading the van in the march of discovery, do 

VOL. ii. 2 L 
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ndt. seem yet to have reduced their thoughts on this 
. suhject to a. consistency, or to have taken hold of this idea 
of polarity in a manner quite satisfactory to their own 
mindS' This part: of the subject is, therefore, by no means 
ready to bo introduced into a course of general elementary 
education; for, witlr a view to such a purpose, nothing 
less than the most thoroughly luminous and transparent 
condition of the idea will suffice. Its whole efficacy, 
as a means and object of diseiplinal etudy, depends upon 
there being no obscurity, perplexity, or indefiniteness with 
regard to it, beyond that transient deficiency w’hich at first 
exists in the learner’s mind, and is to be removed by his 
studies. The idea of chemical polarity is not yet in this 
condition; and therefore is not yet fit fora place in edu- 
cation. Yet since this idea of polarity is the most 
general idea ndiich enters into chemistry, and appears to 
be that 'W'hich includes almost all the others, it would be 
unphilosophical, and inconsistent with all sound vieAvs of 
science, to introduce into education some chemical con- 
ceptions, and to omit those which depend upon this idea : 
indeed such a partial adoption of the science could hardly 
take place without not only omitting, but misrepresenting, 
a great part of our chemical knowledge. The conclusion 
to which we are necessarily led, therefore, is this : — that 
at present chemistry cannot with any advantage, form a 
portion of a general intellectual education*. 

10. (V.) Natural-History Ideas , — But there remains 
still another class of Ideas, with regard to which we may 
very properly ask whether they may not advantageously 
foiTO a portion of a liberal education : I mean the Ideas 

• I do not here stop to prove that an education (if it bo so called) 
in which the lAemory only retains the verbal expression of results, 
while the mind does not apprehend the principles of the subject, and 
therefore c.innot even iinfferstand the words in which its doctrines arc 
expressed, is oY no value whatever to the intellect, but rather, ishi;,dily 
hurtful to the habits of thinkiii^ and re.asoniii';. 
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of definite Resemblance and Difference, and of one set 
of resemblances subordinate to another, •which form the 
bases of the classificatory sciences'. Tliese Ideas are 
developed by the study of the various branches of Natiiral 
History, as Botany, and Zoology ; and beyond all doubt, 
those pursuits, if assiduously followed, very materially 
affect the mental habits. There is this obvious advantage 
to be looked for from tlic study of Natural History, con- 
sidered as a iijfeans of intellectual discipline : — that it 
gives us, in a precise and scientific form, examples of 
the classing and naming of objects; which operations the 
use of common language leads us constantly to ])erfornr 
n aloose and inexact way. In the usual habits of our 
minds and tongues, things are distinguished or brought 
together, and names are applied, in a manner very indefi- 
nite, vacillating, and seemingly capricious : and wc may 
naturally bo led to doubt whether such defects can be 
avoided; — whether exact distinctions of things, and rigo- 
rous use of "words be possible. Now upon this point we 
may receive the instruction of Natural History ; which 
])roves to us, by the actual performance of the task, that 
a precise classification and nomenclature are attainable, 
at least for a mass of objects of the same kind. Further, 
wc also learn from this study, that tlicrc may exist not 
only an exact distinction of kinds of things, but a series 
of distinctions, one set subordinate to another, and the 
more general including the more special, so as to form a 
system of classification. All these are valuable lessons. 
If by the study of Natural History wc evolve, in a clear 
and well defined form, the conceptions of genus, species, 
and of higher and loic^r sleps of classification, wo commu- 
nicate precision, clearness, and method to* the intellect, 
through a great range of its operations. 

11. It must be observed, that in order to attain the 
disciplinal benefit which the study of Natural History is 

2 L 2 
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fitted to bestow, we must teach the natural, not the arti- 
ficial da^sificaiions or at least the natural as. well as the 
artificial. For it is important for the student to perceive 
that there are classifications, not merely arbitrary, founded 
upon some assumed character, but natural, recognized by 
some discovered character ; he ought to see that our classes 
being collected according to one mark, are confirmed by 
many marks not originally stated in our scheme ; and are 
thus found to be grouped together, not by a single resem- 
blance, but by a mass of resemblances, indicating a 
natural affinity. That objects may be collected into such 
groups, is a highly important lesson, which Natural History 
alone, pursued as the science of natural classes, can teach. 

12. Natural History has not unfrequently bpen made 
a portion of education : and has in some degree produced 
such effects as we have pointed out. It would appear 
however, that its lessons have in general been very im- 
perfectly learnt or understood by persons of general edu- 
cation: and that there are perverse intellectual habits 
very generally prevalent in the cultivated classes, which 
ought ere now to have been corrected by the general 
teaching of Natural History. We may detect among 
speculative men many prejudices respecting the nature 
and rules of reasoning, which arise from pure mathema- 
tics having been so long and so universally the instrument 
of intellectual cultivation. Pure Mathematics reasons 
from definitions ; whatever term is introduced into her 
pages^ as a circle, or a square, its definition comes along 
with it : and this definition is supposed to supply all that 
the reasoner needs to know, respecting the term. If 
there be any doubt concerning tlie validity of the conclu- 
sion, the doubl is resolved by recurring to the definitions. 
Hence it has come to pass that in other subjects also, men 
seek for and*demand definitions as the most secure foun- 
dation of reasoning. The definition and the term defined 
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are conceived to be so far identical, that in all cases the 
one may be substituted for the other ; and such a substi- 
tittion is held to be the best mode of detecting fallacies. 

13. It has been already, shown that even geometry is 
not founded upon definitions alone : and we shall not 
here again analyse the fallacy of this belief in the supreme 
value of definitions. But we may remark that the study 
of Natural History appears to be the proper remedy for 
this erroneous habit of thought. For in every department 
of Natural History the object of our study is kinds of 
things, not one of which kinds can be rigorously defined, 
yet all of them are kifficiently definite. In these cases 
we may indeed give a specific description of one of the 
kinds, and may call it a definition ; but it is clear that 
such a definition does not contain the essence of the 
thing. We say* that the Rose Tribe are “ Polypetalous 
dicotyledons, with lateral styles, superior simple ovaria, 
regular perigynous stamens, exalbuminous definite seeds, 
and alternate stipulate loaves.” But no one would say 
that this was our essential conception of a rose, to be sub- 
stituted for it in all cases of doubt or obscurity, by way 
of making our reasonings perfectly clear. Not only so ; 
but as we have already seenf, the definition does not even 
apply to all the tribe. For the stipulse are absent in 
Lowea : the albumen is present in Neillia : the fruit of 
Spir£ea sorbifolia is capsular. If, then, we can possess any 
certain knowledge in Natural History, (which no cultiva- 
tor of the subject will doubt,) it is evident that our know- 
ledge cannot depend on the possibility of laying down 
exact definitions and reasoning from them. 

14. But it may be asked, if we cannot define a word, 
or a class of things which a word denotes, how can we 
distinguish what it does mean from what it does not 
mean? How can we say that it signifies one thing 

* Lindley’s NaU Syet, Bot,, p. 81. + B. -vm., c. 2., p. 475. 
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rather than another, except we declare what is its sig- 
nification? 

The answer to this question involves the general prin- 
ciple of a natural metliod of classification, which has 
already been stated* and need not here be again dwelt 
on. It has been shown that names of kinds of things 
{genera) associate them according to total resemblances» 
not partial characters. The princij)le which connects a 
group of objects in natural history is not a definition, but 
a type. Thus we take as the type of the Rose family, it 
may be, the common wild rose ; all species which resemble 
this more than they resemble any other grouj) of species 
are also roses, and form one genus. All genera which 
resemble Roses more than they resemble any other group 
of genera are of the .same family. And thus the Rose 
family is collected about some one species, which is the 
type or central point of the group. 

In such an arrangement, it may readily be conceived 
that though the nucleus of each group may cohere firmly 
together, the outskirts of contiguous groups may ai)proach, 
and may even be intermingled, so that some species may 
doubtfully adhere to one group or another. Yet this un- 
certainty docs not all affect the truths which we find our- 
selves enabled to assert with regard to the general mass 
of each group. And thus w'e arc taught that there may 
be very important differences betw'een two groups of 
objects, although w'e are unable to tell where the one 
group ends and where the other begins ; and that there 
may be propositions of indisputable truth, in which it is 
impossible to give unexceptionable definitions of the 
terms employed. 

15. These •■lessons are of the highest value with 
regard to all employra^eiits of the human mind ; for the 
mode in whioli words in common use acquire their mean- 
* B. viii., c. 2., p. 476. 
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ing, approaches far more nearly to the Method of Type 
than to the method of definition. The terms which belong 
to our practical concerns, or to our spontaneous and un- 
scientific speculations, are rarely capable of exact defini- 
tion. They have been devised in order to express asser- 
tions, often very important, yet very vaguely conceived : 
and the signification of the word is extended, as far as the 
assertion conveyed by it can be extended, by apparent 
connexion or by analogy. And thus in all the attempts 
of man to grasp at knowledge, we have an exemplification 
of that which wo have stated as the rule of induction, 
that Definition and Proposition are mutually dependents 
each adjusted so as to give value and meaning to the 
other: and this is so, even when both the elements of 
truth are defective in precision : the Definition being re- 
placed by an incomplete description or a loose reference 
to a Tyj)o ; and the Proposition being in a corresponding 
degree insecure. 

1 6. Thus the study of Natural History, as a corrective 
of the belief that definitions are essential to substantial 
truth, might be of great use ; and the advantage which 
might thus be obtained is such as well entitles this study 
to a place in a liberal education. We may further 
observe, that in order that Natural History may produce 
such an effect, it must bo studied by inspection of the 
objects themselves, and not by the reading of books, only. 
Its lesson is, that we must in all cases of doubt or obscu- 
rity refer, not to words or definitions, but to things. The 
Book of Nature is its dictionary : it is there that the 
natural historian looks, to find the meaning of the M'ords 

which he uses*. So long as a plant, in its most essential 

• 

* It is a curious example of the influence of tlie belief in definitions, 
that elementary books have been written vn which Natural History is 
taught in the way of question and answer, and consequiently by means 
of words alone. In such a scheme, of course all objects are defined : and 
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parts, is more like a rose than anything else, it is a rose. 
He knows no other definition. 

17. (VI.) Well-established Ideas alone to be used . — 
We may assert in genera.! what we liave above stated 
specially with reference to the fundamental principles of 
chemistry : — no Ideas are suited to become the elements 
of elementary education, till they have not only become 
perfectly distinct and fixed in the minds of the leading 
cultivators of the science to which they belong ; but till 
they have been so for some considerable period. The 
entire clearness and steadiness of view which is essential 
to sound science, must have lime to extend itself to a 
wide circle of disciples. The views and principles which 
are detected by the most profound and acute philosophers, 
are soon appropriated by all the most intelligent and 
active minds of their own and of the following genera- 
tions ; and when this has taken place, (and not till then,) 
it is right, by a proper constitution of our liberal educa- 
tion, to extend a general knowledge of such principles to 
all cultivated persons. And it follows, from this view of 
the matter, that we. are by no means to be in haste to 
adopt, into our course of education, all new discoveries 
as soon as they are made. They require some time, in 
order to settle into their proper place and position in 
men’s minds, and to show themselves under their true 
aspects ; and till this is done, wo confuse and disturb, 
rather than enlighten and unfold, the ideas of learners, 
by introducing the discoveries into our elementary instruc- 
tion. Hence it was perhaps reasonable that a century 
should elapse from the time of Galileo before the rigor- 

we may easily anticipate the value of the knowledge thus conveyed. 
Thus, “ Iron is a well-known hard metal, of a darkish gray colour, and 
very clastic “ Copper i| an orange-coloured metal, more sonorous 
than any other^ and the most elastic of any except iron.” This is to 
pervert the meaning of education, and to make it a business of meio 
words. 
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ous teaching of mechanics became a general element of 
intellectual training ; and the doctrine of universal gra- 
vitation was hardly ripe for such an employment till the 
end of the last century. Wo must not direct the un- 
formed youthful mind to launch its little bark upon the 
waters of speculation, till all the agitation of discovery, 
with its consequent fluctuation and controversy, has well 
subsided. 

18 . But it may be asked. How is it that time operates 
to give distinctness and evidence to scientific ideas? In 
what way does it happen that views and principles, 
obscure and wavering at first, after a while become 
luminous and steady? Can we point out any process, 
any intermediate steps, by which this result is produced ? 
If we can, this process must be an important portion of 
the subject now under our consideration. 

To this we reply, that the transition from the hesi- 
tation and contradiction with which true ideas are first 
received, to the general assent and clear apprehension 
which they afterwards obtain, takes place through various 
arguments for and against them, and various modes of 
presenting and testing them, all which we may include 
under the term Discussion, which we have already men- 
tioned as the second of the two ways by which scientific 
views are developed into full maturity. 


Chapter IV. 

OF METHODS OF ACQUIRING CLEAR SCIENTIFIC 
IDEAS, continued.— THE DlSCUSSICyV OF IDEAS. 

1. It is easily seen that in evgry part of science, the 
establishment of a new set of ideas has been accompanied 
with much of doubt and dissent. And by means of dis- 
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cussions so occasioned, the new conceptions, and the 
opinions which involve them, liave gradually become 
definite and clear. The authors and asserters of the new 
opinions, in order to make them defensible, have been 
compelled to make them consistent : in order to recom- 
mend them to others, they have been obliged to make 
them more entirely intelligible to themselves. And thus 
the terms which formed|the main points of the contro- 
versy, although applied in a loose and vacillating manner 
at first, have in the end become perfectly definite and 
exact. The opinions discussed have been, in their main 
features, the same throughout the debate ; but they have 
at first been dimly, and at last clearly apprehended : 
like the objects of a landscape, at which we look through 
a telescope ill adjusted, till, by sliding the tube backwards 
and forwards, we at last bring it into focus, and perceive 
every feature of the prospect sharp and bright. 

2. We have in the last Book but one* fully exem- 
plified this gradual progress of conceptions from obscurity 
to clearness by means of Discussion. We have seen, too, 
that this mode of treating the subject has never been 
successful, except when it has been associated with an 
appeal to facts as well as to reasonings. A combination 
of experiment with argument, of observation with demon- 
stration, has always been found requisite in order that 
men should arrive at those distinct conceptions which 
give them substantial truths. The arguments used led 
to the rejection of undefined, ambiguous, self-contradictory 
notions ; but the reference to facts led to the selection, or 
at least to the retention, of the conceptions which were 
both true and useful. The two correlative processes, 
definition and true assertion, the formation of clear ideas 
and the induction of l^ws, went on together. 

* B. *xi. c. 2, Of the Explication of Conceptions. 
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Thus those discussions by which scientific conceptions 
are rendered ultimately quite distinct and fixed, include 
both reasonings from principles and illustrations from 
facts. At present we turn our attention more peculiarly 
to the former part of the process; according to the 
distinction already drawn, between the explication of 
conceptions and the colligation of facts. The Discussions 
of which we here speak, are the Method (if they may be 
called a method) by which the Explication of Conceptions 
is carried to the requisite point among philosophers. 

3. In the scrutiny of the Fundamental Ideas of the 
Sciences which forms the previous Part of this woi-k, and 
in the Uistorij of the Inductive Sciences, I have, in several 
instances, traced the steps by which, historically speaking, 
these Ideas have obtained their ultimate and permanent 
])lacc in the minds of speculative men. I havq thus 
exemplified the reasonings and controveries which con- 
stitute such Discussion as we now speak of. I have 
stated, at considerable length, the various attemi)ts, fail- 
ures, and advances, by which the ideas which enter into 
the science of mechanics were evolved into their present 
evidence. In like manner we have seen the conception 
of refracted rays of light, obscure and confused in Seneca, 
growing clearer in Roger Bacon, more definite in Des- 
cartes, perfectly distinct in Newton. The polarity of 
light, at first contemplated with some perplexity, became 
very distinct to Malus, Young, and Fresnel; yet the 
phenomena of circular polarization, and still more, the 
circular ijolarization of fluids, leave us, even at present, 
some difficulty in fully mastering this conception. The 
related polarities of electricity and magnetism are not yet 
fully comprehended, even by our greatest? philosophers. 
One of Mr. Faraday’s late papers (the Fourteenth Series 
of his Researches) is employed in an expeiamental dis- 
cussion of this subject, which leads to no satisfactory 
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result. The controversy between Biot and Ampere 
on the nature of the elementary forces in electro-dynamic 
action, is another evidence that the discussion of this 
subject has not yet reached its termination. With regard 
to chemical polarity, I have already stated that this idea 
is as yet very far from being brought to an ultimate con- 
dition of definiteness ; and the subject of chemical forces, 
(for the whole subject must be included in this idea of 
polarity,) which has already occasioned much perjilexity 
and controversy, may easily occasion much more, before it 
is settled to the satisfaction of the philosophical world. 
The ideas of the classificatory sciences also have of late 
been undergoing much, and very instructive discussion, 
in the controversies respecting the relations and ofiices of 
the natural and artificial methods. And with regard to 
physiological ideas, it would hardly be too much to say, 
that the whole history of physiology up to the present 
time has consisted of the discussion of the fundamental 
ideas of the science, such as vital forces, nutrition, repro- 
duction, and the like. We have had before us at some 
length, in the present work, a review of the opposite 
opinions which have been advanced on this subject ; .and 
have attempted in some degree to estimate the direction 
in which these ideas are permamently settling. But 
without attaching any importance to this attempt, the 
account there given may at least serve to show, how 
important a share in the past progress of this subject the 
discussion of its fundamental ideas has hitherto had. 

4. There is one reflection which is very pointedly 
suggested by what has been said. The manner in which 
our scientific ideas acquire their distinct and ultimate 
form being su^ as has been described, — always involving 
much abstract reasoning and analysis of our conceptions, 
often much ‘opposite argumentation and debate ; — how 

* Hist. Ind. Scu^ m^ . 
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un philosophical is it to speak of abstraction and analysis, 
of dispute and controversy, as frivolous and unprofitable 
processes, by which true science can never be benefitted ; 
and to put such employments in antithesis with the study 
of facts ! 

Yet some writers are accustomed to talk with con- 
tempt of all past controversies, and to wonder at the blind- 
ness of those who did not at first take the view which 
was established at last. Such persons forget that it was 
precisely the controversy, which established among specu- 
lative men that final doctrine which they themselves have 
quietly accepted. It is true, they have had no difficulty 
in thoroughly adopting the truth ; but that has occurred 
because all dissentient doctrines have been suppressed 
and forgotten ; and because systems, and books, and lan- 
guage itself, have been accommodated peculiarly, to the 
expression of the accepted truth. To despise those who 
have, by their mental struggles and conflicts, brought the 
subject into a condition in which error is almost out of 
our reach, is to be ungrateful exactly in proportion to the 
amount of the benefit received. It is as if a child, when 
its teacher had with many trials and much trouble pre- 
pared a telescope so that the vision through it was dis- 
tinct, should wonder at his stujndity in pushing the tube 
of the eye-glass out and in so often. 

6. Again, some persons condemn all that we have 
here spoken of as the discussion of ideas, terming it meta* 
physical: and in this spirit, one writer* has spoken of 
the “ metaphysical period” of each science, as preceding 
the period of “positive knowledge.” But as we have 
seen, that process which is here termed “ metaphysical,” 
— the analysis of our conceptions and thte exposure of 
their inconsistencies, — (accompanied with the study of 
facts,) — has always gone on most actively ,in the most 

* M. Auguste Comte, Coun do Phihsojdtie Pontke. 
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prosperous ])eriods of each science. There is, in Galileo, 
Kepler, Gassendi, and the other fathers of mechanical 
philosophy, as much of metaphysics as in their adversaries. 
The main difference is, that the metaphysics is of a better 
kind ; it is more conformable to metaphysical truth. 
And the same i» the case in other sciences. Nor can it 
be otherwise. For all truthj before it can be consistent 
with facts, must be consistent with itself : and although 
this rule is of undeniable authority, its application is often 
far from easy. The perplexities and ambiguities which 
arise from our having the same idea presented to us 
under different aspects, are often difficult to disentangle : 
and no common acuteness and steadiness of thought 
must be expended on the task. It would be easy to 
adduce, from the Avorks of all great discoverers, passages 
more jirofoundly metaphysical than any which are to be 
found in the pages of barren « priori reasoners. 

6. As wc have said, these metaphysical discussions 
are not to be put in opposition to the study of facts ; but 
are to be stimulated, nourished and directed by a con- 
stant recourse to exjieriment and observation. The cul- 
tivation of ideas is to bo conducted as having for its 
object the connexion of foots; iieA’er to bo pursued as a 
mere exercise of the subtilty of the mind, striving to 
build up a Avorld of its own, and neglecting that which 
exists about us. For although man may in this way please 
himself, and admire the creations of his own brain, he 
can never, by this course, hit upon the real scheme of 
nature. With his ideas unfolded by education, sharpened 
by controversy, rectified by metajihysics, he may under- 
stand the natural world, but he cannot invent it. At 
every step, he •must try the value of the advances he has 
made in thought, by^ applying his thoughts to things. 
The Explication of Conceptions must be carried on witli 
a perpetual reference to tho Colljgation of Facts. 
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Having here treated of Education and Discussion as 
the methods by which the former of these two processes 
is tiO be promoted, we have now to explain the methods 
which science employs in order most successfully to 
execute the latter. But the Colligation of Facts, as 
already stated, may offer to us two steps of a very different 
kind, — the laws of Phenomena, and their Causes. We 
shall first describe some of the methods emjiloyed in 
obtaining truths of the former of these two kinds. 


Chapter V. 

ANALYSIS OF THE PROCESS OF INDUCTION. 

Sect. I. The Three Steps of Induction. 

1. When facts have been decomposed and phenomena 
measured, the philosopher endeavours to combine them 
into general laws, by the aid of ideas and concejitions, 
these being illustrated and regulated by such means as 
we have spoken of in the last two chaptei’s. In this task, 
of gathering laws of nature from observed facts, as we 
have already said^, the natural sagacity of gifted minds is 
the power by Avhich the greater part of the successful 
results have been obtained ; and this power will probably 
always be more eflicacioiis than any Method can be. 
Still there are certain methods of procedure which may 
in such investigations give us no inconsiderable aid, and 
these I shall endeavour to expound. 

2. For this purpose, I remark that the Colligation of 
ascertained facts into general propositions may be con- 
sidered as containing three steps, which I» shall term the 
Selection of the Idea, the Construction of the Conception, 
and the Determination of the Magnitudes. It .will be recol- 

* B. xi. c. 0. 
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lected that jby the word Idea, (or Fundamental Idea,) 
used in a peculiar sense, I mean certain wide and general 
fields of intelligible relation, such as Space, Number, 
Cause, Likeness; while by Conception I denote more 
special modifications of these ideas, as a cirde, a square 
number', a uniform force, a like form of flower. Now in 
order to establish any law by reference to facts, we must 
select the true Idea and the true Conception. For exam- 
ple; when Hipparchus found* that the distance of the 
bright star Spica Virginis from the equinoxial point had 
increased by two degrees in about two hundred years, 
and desired to reduce this change to a law, he had first 
to assign, if possible, the idea on which- it depended ; — 
whether it was regulated for instance, by space, or by 
time ; whether it was determined by the positions of other 
stars at each moment, or went on progressively with the 
lapse of ages.* And when there was found reason to 
select time as the regulative idea of this change, it was 
then to be determined how the change went on with the 
time; — whether uniformly, or in some other manner: 
the conception., or the rule of the progression, was to be 
rightly constructed. Finally, it being ascertained that 
the change did go on uniformly, the question then occurred 
what was its amount : — whether exactly a degree in a 
century, or more, or less, and how much : and thus the 
determination of the magnitude completed the discovery 
of the law of phenomena respecting this star. 

3. Steps similar to these three may be discerned in 
all other discoveries of laws of nature. Thus, in investi- 
gating the laws of the motions of the sun, moon or 
planets, we ^find that these motions may be resolved, 
besides a unifosm motion, into a series of partial motions, 
or Inequalities; and for each of these Inequalities, we 
have to learp upon what it directly depends, whether 

* HIh. Ind, Scu^ i. 107« 
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upon the progress of time only, or upon soifte configura- 
tion of the heavenly bodies in space ; then, we have to 
ascertain its law ; and finally, we have to determine what 
is its amount. In the case of such Inequalities, the 
fundamental element on which the Inequality depends, is 
called the Argument. And when the Inequality has been 
fully reduced to known rules, and expressed in the form 
of a Table, the Argument is the fundamental series of 
numbers which stands in the margin of the Table, and by 
means of which we refer to the other numbers which 
express the Inequality. Thus, in order to obtain from a 
Solar Table- the Inequality of the sun’s annual motion, 
the Argument is the number which expresses the day of 
the year; the Inequalities for esich day being (in the 
Table) ranged in a line corresponding to the days. More- 
over, the Argument of an Inequality bei^ assumed to 
be known, we must, in order to calculate tne Table, that 
is, in order to exhibit the law of nature, know also the 
Law of the Inequality, and its Amount. And the inves- 
tigation of these three things, the Argument, the Law, 
and the Amount of the Inequality, represents the three 
steps above described, the Selection of the Idea, the Con- 
struction of the Conception, and the Determination of 
the Magnitude. 

4. In a great body of cases, mathematical language and 
calculation are used to express the connexion between 
the general law and the special facts. And when this,is 
done, the three steps above described may be spoken of 
as the Selection of the Independent Variable, the Con- 
struction of the Formula, and the Determination of the 
Coefficients. It m^y be worth our while to attend to an 
exemplification of this. Suppose then, that, in such 
observations as we have just spoken of, namely, the shift- 
ing of a star from its place in the heavens by an unknown 
law, astronomers had, at the end of three successive years, 

VOL. II. 2 M 
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found that 4he star had removed hy 3, by 8, and by 16 
minutes from its origmal })lace. Suppose it to be ascer- 
tained also, by methods of which we shall hereafter treat, 
that this change depends upon the time ; we must then 
take the time, (which we may denote by the symbol t,) for 
the independent variaMe. But though the star changes its 
place with the time, the change is not proportional to 
the time ; for its motion which is only 3 minutes in the 
first year, is 6 minutes in the second year, and 7 in the 
third. But it is not difficult for a person a little versed 
in mathematics to perceive that the series 3, 8, 15, may 
be obtained by means of two terms, one of which is pro- 
portional to the time, and the other to the square of the 
time; that is, it is expressed by the formula at + btt. 
The question then occurs, what are the values of the 
coefficients a and h ; and a little examination of the case 
shows us tha?« must be 2, and b,l: so that the formula 
is 2< + tt. Indeed if we add together the series 2, 4, G, 
which expresses thb change proportional to the time, and 
1, 4, 9, which is proportional to the square of the time, 
M e obtain tlie scries 3, 8, 15, which is the series of mnn- 
bers given by qbservation. And thus the three steps 
which give us the Idea, the Conception, and the Magni- 
tudes ; or the Argument, the Law, and the Amount, of 
the change; give us the Independent Variable, the For- 
mula, and the Coefficients, respectively. 

We now proceed to offer some suggestions of methods 
by which each of these steps may be in some degree 
promoted. 

Sect. II. Of the Selection of the Fundmiental Idea. 

6. When we turn our thoughts upon any assemblage 
of facts, witl^ a view of collecting from them some con- 
nexion or law, the most important step, and at the same 
time that in which rales can least aid us, is the Selection 
of the Idea by M'hich they are to be collected. So long 
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as this idea has not been detected, all seema to be hope- 
less confusion or insulated facts; ^<fhen the connecting 
idea has been caught sight of, we constantly regard the 
facts with reference to their ponnexion, and wonder that 
it should be possible for any one to consider them in any 
other point of view. 

Thus the different seasons, and the various aspects of 
the heavenly bodies, might at first appear to be direct 
manifestations from some superior power, which man 
could not even understand : but it was soon found that 
the ideas of time and space, of motion and recurrence, 
Avould give coherency to many of the phenomena. Yet 
this took place by successive steps. Eclipses, for a long 
period, seemed to follow no law ; and being very remark- 
able events, continued to be deemed the indications of a 
supernatural will, after the common motions of the 
heavens were seen to be governed by relations of time 
and space. At length, however, the Chaldeans discovered 
that, after a period of eighteen years, similar sets of 
eclipses recur ; and, thus selecting the idea of time, simply, 
as that to which these events were to be ^pferred, they 
AA ere able to reduce them to rule ; an^ from that time 
eclipses were * recognized as parts of a regular order of 
things. We may, in the same manner, consider any other 
course of events, arid may inquire by what idea they are 
bound together. J’or example, if we take the weather, 
years peculiarly wet or dry, hot and cold, productive and 
unproductive, follow each other in a manner which, at 
first sight at least, seems utterly lawless and irregular. 
Noav can we in any way discover some rule and order in 
these occurrences ? Is there, for example, in these events, 
as in eclipses, a certain cycle of years, after which like 
seasons come round again? or does the weather depend 
u[)on the force of some extraneous body— for instance, 
tile moon— and follow in some way her Aspects? or 

2 M 2 
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would the most proper way of investigating this subject 
be to consider the effect of the moisture and heat of 
various tracts of the earth’s surface upon the ambient air ? 
It is at our choice to try thege and other modes of obtain- 
ing a science of the weather : that is, we may refer the 
phenomena to the idea of time, introducing the conception 
of a cycle ; — or to the idea of external force, by the con- 
ception of the moon’s action ; — or to the idea of mutual 
action, introducing the conceptions of thermotical and 
atmological agencies, operating between different regions 
. of earth, water, and air. 

6. It may be asked. How are we to decide in such 
alternatives ? How are we to select the one right idea 
out of several conceivable ones ? To whicli we can only 
reply, that this must be done by trying which will succeed. 
If there really exist a cycle of the weather, as well as of 
eclipses, it must be established by comparing the asserted 
cycle with a good register of the seasons, of sufficient 
extent. Or if the moon really influence the meteoro- 
logical conditions of the air, the asserted influence must 
be compared^with the observed facts, and so accepted or 
rejected. When Hipparchus had observed the increase 
of longitude of the stars, the idea of a motion of tlie 
celestial sphere suggested itself as the explanation of the 
change ; but this thought was verifieU only by observing 
several 'stars. It was conceivable that each star should 
have an independent motion, governed by time only, or 
by other circumstances, instead of being regulated by its 
place in the sphere ; and this possibility could be rejected 
by trial alone. In like manner, the original opinion of the 
composition of bodies supposed the compounds to derive 
their properties from the elements according to the law 
oi likeness ; but this opinion was overturned by a thousand 
facts ; and thus the really applicable idea of chemical com- 
position was introduced in modern times. In what has 
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alfcady been said on the History of Ideas, we have seen 
how each science was in a state of confusion and darkness 
till the right idea was introduced. 

7. No general method of evolving such ideas can be 
given. Such events appear to result from a peculiar 
sagacity and felicity of mind; — never without labour, 
never without preparation ; — yet with no constant depend- 
ence upon preparation, or upon labour, or even entirely 
upon personal endowments. Newton explained the 
colours which refraction produces, by referring each 
colour to a peculiar angle of refraction, thus introducing ' 
the right idea. But when the same philosopher tried to 
explain the colours produced by diffraction, he erred, by 
attempting to apply the same idea, (the course of a single 
ray,) instead of applying the truer idea of the interference 
of two rays, Newton gave a wrong rule for the double 
refraction of Iceland spar, by making the refraction 
depend on the edges of the rhombohedron : Huyghens, 
more happy, introduced the idea of the awis of symmetry 
of the* solid, and thus was able to give the true law of the 
phenomena. 

8. Although the selected idea is proved to be the 
right one, only when the true law of nature is established 
by means of it, yet.it often happens that there prevails 
a settled conviction respecting the relation which must 
afford the key to the phenomena, before the selection has 
been confirmed by the laws to which it leads. Even 
before the empirical laws of the tides Avere made out, it 
was not doubtful that these laws depended upon the 
places and motions of the sun and moon. W e know that 
the crystalline form of a body must depend upon its che- 
mical composition, though we ax'e as yet unable to assign 
the law of this dependence. , 

Indeed in most cases of great discoverie*, the right 
idea to which the facts were to be referred, was selected 
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by many philosophers, before the decisive dcmonsCration 
that it was the right idea, was given by tbe discoverer. 
Thus Newton showed that the motions of the planets 
might be explained by means of a central force in the 
sun : but though he established, he did not first select 
the idea involved in the conception of a central force. 
The idea had already been sufficiently pointed out, dimly 
by Kepler, more clearly by Borelli, Huyghens, Wren, 
and Hooke. Indeed this anticipation 6f the true idea is 
always a, principal part of that which, in the History of 
'the Sciences, we have termed the Prelude of a Discovery. 
The two steps, of proposing a pliilosophical problem, and 
of solving it, are, as we have elsewhere said, both import- 
ant, and are often performed by different persons. The 
former step is, in fact, the Selection of the Idea. In 
explaining any change, we have to discover first the Argu- 
ment, and then the Law of the change. The selection of 
the Argument is the step of which we here speak ; and 
is that in which inventiveness of mind and justness of 
thought are mainly shown. 

9. Although, as wo have said, we can give few precise 
directions for this cardinal process, the Selection of the 
Idea, in spiculating on phenomena, yet there is one Rule 
which may have its use: it is this : — The idea and the 
facts must be homogeneous: the elementary Conceptions, 
into which the facts have been decomposed, must be of 
the same nature as the Idea by which we attempt to 
collect them into laws. Thus, if facts have been observed 
and measured by reference to space, "they must be bound 
together by the idea of space: if we would obtain a 
knowledge of mechanical forces in the solar system, wc 
must observe mechanical phenomena. Kepler erred 
against this rule in his attempts at obtaining physical 
laws of the ftystem ; for the facts which he took were the 
tdociMes, not the changes of velocity, which are really the 
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mechanical facts. Again, there has been a transgression 
of this Rule committed by all chemical philosophers who 
have attem 2 >ted to assign the relative 2 )osition of the ele- 
mentary particles of bodies in their component molecules. 
For their purpose has been to discover the relatmis of the 
particles in space ; and yet they have neglected the only 
facts in the constitution of bodies which have a reference 
to space — namely, crystalline fwm, and optical properties. 
No progress can be made in the theory of the elementary 
structure of bodies, witliout making these classes of facts 
the main basis of our speculations. 

10. The only other Rule which I have to offer on this 
subject, is that which I have already given : — the Idea 
must be tested by the /acts. It must be tried by aj)j)lying 
to the facts the conceptions which are derived from the 
idea, and not accepted till some of these succeed in giving 
the law of the phenomena. The justice of the suggestion 
cannot be known otherwise than by making the trial. 
If we can discover a true lain by employing any concep- 
tions, the idea from Mdiich these conceptions are derived 
is the right one ; nor can there be any proof of its right- 
ness so comi)lete and satisfactory, as that we are by it led 
to a solid and permanent truth. 

This, however, can hardly be termed a Rule ; for when 
we would know, to conjecture and to try the truth of 
our conjecture by a comparison with the facts, is the 
natural and obvious dictate of common sense. 

Supposing the Idea which we adopt, or which we 
would try, to be now fixed upon, we still have before us 
the range of many Conceptions derived from it ; many 
Formulae may be devised dejiending on the same Inde- 
pendent Variable, and we must now consider how our 
selection among these is to be made. 
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Chapter VI. 

GENERAL RULES FOR THE CONSTRUCTION OF 
THE CONCEPTION. 

1. In speaking of the discovery of laws of nature, 
those which depend upon quantity^ as number, space, and 
the like, are most prominent and most easily conceived, 
and therefore in speaking of such researches we shall 
often use language which applies peculiarly to the cases 
in which quantities numerically measurable are concerned, 
leaving it for a subsequent task to extend our principles 
to ideas of other kinds. 

Hence we may at present consider the Construction 
of a Conception which shall include and connect the 
facts, as being the construction of a Mathematical For- 
mula, coinciding with the numerical expression of the 
facts ; and we have to consider how this process can bo 
facilitated, it being supposed that we have already before 
us the numerical measures given by observation. 

2. We -may remark, however, that the construction 
of the right Formula for any such case, and the deter- 
mination of the Coefficients of such formula, which we 
have spoken of as two 8ej)arate steps, are in j^ractice 
almost necessarily simultaneous ; for the near coincidence 
of the results of the theoretical rule witli the observed 
facts confirms at the same time the Formula and its Coeffi- 
cients. *In this case also, the mode of arriving at truth 
is to try various hypotheses ; — to modify the hypotheses so 
as to approximate to the facts, and to multiply the facts 
so as to test the hypotheses. 

The Independent Variable, and the Formula which 
we would try, being once selected, mathematicians have 
devised' certain special and technical processes by which 
the value of the coefficients may be determined. These 
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we shall treat of in the next Chapter ; but in the moan 
time we may note, in a more general manner, the mode 
in which, in physical researches, the proper formula may 
be obtained. 

3. A person somewhat versed in mathematics, hav- 
ing before him a series of numbers, will generally be able 
to devise a formula which approaches near to those 
numbers. If, for instance, the series is constantly pro- 
gressive, he will be able to see whether it more nearly 
resembles an arithmetical or a geometrical progression. 
For example, MM. Dulong and Petit, in their investiga- 
tion of the law of cooling of bodies, obtained the following 
series of measures. A thermometer was placed in an 
inclosure of which the temperature was 0 degrees, and 
the rapidity of cooling of the thermometer was noted for 
many temperatures. It was found that 

For the temperature 240 the rapidity of cooling was 10'69 


220 

5 > 

8-81 

200 


7-40 

180 


6-10 

160 


4-89 

140 

>> 

3-88 


and so on. Now this series of numbers manifestly in- 
creases with greater rapidity as we proceed from the 
lower to the higher parts of the scale. The numbers do 
not, however, form a geometrical series, as we may easily 
ascertain. But if we were to take the differences of the 
successive terms we should find them to be — 

1 - 88 , 1 - 41 , 1 - 30 , 1 - 21 , 101 , & c . 

and these numbers' are very nearly the terms of a geome- 
tric series. For if we divide each term by the succeeding 
one, we find these numbers, 

1 - 33 , 109 , 107 , 120 , 1 - 27 , * 

in which there does not appear to be any constant ten- 
dency to diminish or increase. And we shall find that a 
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geometrical series in which .the ratio is 1’165, may be 
made to approach very near to this series, the deviations 
from it being only such as may be accounted for by con- 
ceiving them as errors of observation. In this manner 
a certain formula* is obtained, giving results which very 
' nearly coincide with the observed facts, as may be seen 
in the margin. 

The physical law expressed by the formula just spoken 
of is this: — that when a body is cooling in an empty 
inclosure at a constant temperature, the quickness of the 
cooling, for excesses of temperature in arithmetical pro- 
gression, increases as the terms of a geometrical progres- 
sion, diminished by a constant number. 

3. In the actual investigation of Dulong and Petit, 
however, the formula was not obtained in precisely the 
manner just described. For the quickness of cooling 
depends upon two elements, tlie temperature of the hot 
body and the temperature, of the inclosure ; not merely 
upon the e.vcess of one of tljese over the other. And it 
was found most convenient, first, to make such experi- 
ments as should exhibit the dependence of the velocity 
of cooling upon the temperature of the inclosuro ; which 


* The formul.a ia V = 2,037 ~l) whore » is the velocity of 

cooling, t tho temperature of the thermometer expressed in degrees, 
and a is the quantity 1,0077* 

The degree of coincidence is as follows : — 


Excess of temperature of 

Ob.scrvcd 

Caleulated 

tho thermometer, or 

values 

values 

values of i. 

of V, 

of V. 

240 

10*69 

1068 

220 

8*81 

8-89 

200 

7-40 

7-34 

180 

610 

603 

160 . . 

4-89 

4-87 

140 

3-88 

3‘89 

120 

302 

306 

100, . 

2-30 

2-33 

80 

1-74 . 

1.72 
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dependence is contained .in the following law: ^The 

quickness of cooling of a thermometer in vacuo for a 
constant excess of temperature, increases in geometric 
progression, when the temperature of the inclosure in- 
creases in arithmetic progression. From this law the 
preceding one follows by necessary consequence*. 

This example may serve to show the nature of the 
artifices which may be used for the construction of for- 
mulsB, when we have a constantly progressive series of 
numbers to represent. We must not only endeavour by 
trial to contrive a formula which will answer the con- 
ditions, but we must vary our experiments so as to 
determine, first one factor or portion of the formula, and 
then the other; and we must use the most probable 
hypothesis as means of suggestion for our formula?. 

4. In a progressive series of numbers, except the 
formula which we adopt be really that which expresses 
the law of nature ; the deviations of the formula from 
the facts ■will generally become enormous, when the 
experiments are extended into new parts of the scale. 
True formulae for a progressive series of results can hardly 
ever be obtained from a very limited range of experi- 
ments : just, as the attempt to guess the general course 
of a road or a river, by knowing two or three points of it 
in the neighbourhood of one another, would generally 
fail. In the investigation respecting the laws of the 
cooling of bodies just noticed, one great advantage of 

• * For if S bo the temperature of the inclosuro, and t the excess of 
temperature of the hot body, it appears, by tliis law, that the radiation 

of heat IS as ^ . And hence the quickness of cooling, which i.s as the 

excess of radiation, is as d that is, (fl — l) which 

agrees with the formula given in tho last note. 

The whole of this series of researches^of Diiloiig and Petit is full of 
the most beautiful and instructive artifices for the cijnstruction of the 
proper formula) in physical research, 
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the course pursued by the experimenters "was, that their 
experiments included so great a range of temperatures. 
The attempts to assign the law of elasticity of steam 
deduced from experiments made with moderate tempe- 
ratures, were found to be enormously wrong, when very 
Jjigh temperatures were made the subject of experiment. 
It is easy to see that this must be so : an arithmetical 
and a gdbmetrical series may nearly poincide for a few 
terms moderately near each other: but if we take remote 
corres 2 ')ondiiig terms in the two series, one of these will 
be very many times the other. And hence, from a narrow 
range of experiments, we may infer one of these series when 
we ou^it to infer the other ; and thus obtain a law whicli 
is widely erroneous. 

5. In astronomy, the seriescs of observations which 
we have to study are, for the most part, not progressive, 
but recurrent. The numbers observed do not go on con- 
stantly increasing ; but after increasing up to a certain 
amount-they diminish; then, after a certain space, increase 
again; and so on, changing constantly through certain 
cycles. In cases in which the observed numbers arc of 
this kind, the formula which expresses them must be a 
circular function, of some sort or other ; involving, for in- 
stance, sines, tangents, and other forms of calculation, 
which have recurring values when the angle on which 
they depend goes on constantly increasing. The main 
business of formal astronomy consists in resolving the 
celestial phenomena into a series of terms of this kind, in 
detecting their arguments, and in determining their coeffi- 
cients. 

0. In constructing the formulse by which laws of 
nature are expri?sscd, although the first object is to assign 
the law of the phenomena, philosophers have, in almost 
all cases, not proceeded in a purely empirical manner, to 
connect the observed numbers by some expression of 
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calculation, but have been guided, in the selection of their 
formula, by some hypothesis respecting the mode of con- 
nexion of the facts. Thus the formula of Dulong and 
Petit above given was suggested by the theory of ex- 
changes; the first attempts at the resolution of the 
heavenly motions into circular functions were clothed in. 
the hypothesis of epicycles. And this was almost inevi- 
table. “We tnust^ confess,” says Copernicus*, “ that the 
celestial mptions are circular, or compounded of several 
circles, since their inequalities observe a fixed law, and 
recur in value at certain intervals, which could not be 
except they were circular : for a circle alone can make 
that quantity which has occurred recur again.” In like 
manner the first publication of the law of the sines, the 
true formula of optical refraction, was accompanied by 
Descartes with an hypothesis, in which an explanation of 
the law was pretended. In such cases, the mere com- 
parison of observations may long fail iii suggesting the 
true formulie. The fringes of shadows and other difiracted 
colours were studied in vain by Newton, Grimaldi, Com- 
paretti, the elder Herschel, and Mr. Brougham, so long as 
these inquirers attempted merely to trace the laws of the 
facts as they appeared in themselves; while Young, 
Fresnel, Fraunhofer, Schwerdt, and others, determined 
these laws in the most rigorous manner, when they applied 
to the observations the hypothesis of interferences. 

7. But with all the aid that hypotheses and calcula- 
tion can afford, the construction of true formulje, in those 
cardinal discoveries by which the progress of science has 
mainly been caused, has been a matter of great labour 
and difficulty, and of good fortune added to sagacity. In 
the History of Science, we have seen hoy^ long and how 
hard Kepler laboured, before he converted the formula 
for the planetary motions, from amepicyclical combination, 
* De Rev. 1. i., c. 4. 
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to a simple ellipse. The same philosopher, labouring 
with equal zeal and perserverance to discover the formula 
of optical refraction, which now appears to us so simple, 
was utterly foiled. Malus sought in vain the formula 
determining the angle at which a transparent surface po- 
larizes light : Sir D. Brewster*, with a happy sagacity, dis- 
covered the formula to be simply this, that the index of 
refraction is the tangent of the angle of poferization. 

Though we cannot give rules which will bo of much 
service when we have thus to divine the general form of 
the relation by M’hich phenomena are connected, there are 
certain methods by which, in a narrower field, our inves- 
tigations may be materially promoted ; — certain special 
methods of obtaining laws from observations. Of these 
we shall now proceed to treat. 


Chapter VII. 

SPECIAL METHODS OF INDUCTION APPLICABLE 
TO QUANTITY. 

In cases where the phenomena admit of numerical 
measurement and expression, certain mathematical me- 
thods may be employed to facilitate and give accuracy to 
the determination of the formula by which the observa- 
tions are connected .into laws. Among the most usual 
and important of these Methods are the following : — 

I. The Method of Curves. 

II. The Method of Means. 

III. The Method of Least Squares. 

IV. The Method of Residues. 

Sect. I. The Method of Curves. 

1. The Metliod of Curves proceeds upon this basis ; 
that when one quantity undergoes a series of changes 
* * Hi»t, Ind. Sci., ii. 377. 



SPECIAL METHODS OF INDUCTION.— QUANTITY. 643 

depending on the progress of another quantity, (as, for 
instance, the Deviation of the Moon from her equable 
place depends upon the progress of Time,) this depend- 
ence may be expressed by means of a curve. In the 
language of mathematicians, the variable quantity, whose 
changes we would consider, is made the ordinate of the 
curve, and the quantity on which the changes depend is 
made the aiscissa. In this manner, the curve will exhibit 
in its form a series of undulations, rising and falling so as 
to correspond with the alternate increase and diminution 
of the quantity represented, at intervals of space which 
correspond to the intervals of time, or other quantity by 
which the changes are regulated. Thus, to take another 
example, if we set up, at equal intervals, a series of ordi- 
nates representing the height of all the successive high 
waters brought by the tides at a given place, for a year, 
the curve which connects the summits of all these ordi- 
nates will exhibit a series of undulations, ascending and 
descending once in about each fortnight ; since, in that 
interval, we have, in succession, the high spring tides and 
the low neap tides. The curve thus drawn offers to the 
eye a picture of the order and magnitude of the changes 
to which the quantity under contemplation, (the height of 
high water,) is subject. 

2. No\y the pecuKar facility and efficacy of the Me- 
thod of Curves depends upon this circumstance; — that 
order and regularity are more readily and clearly recog- 
nized, when thus exhibited to the eye in a picture, than 
they are when presented to the mind in any other manner. 
To detect the relations of Number considered directly as 
Number, is not easy : and we might contemplate for a 
long time a Table of recorded Numbers without perceiv- 
ing the order of their increase and diminution, even if the 
law were moderately simple ; as any one may satisfy him- 
self by looking at a Tide Table. But if these Numbers 
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are expressed by the magnitude of Lines, and if these Lines 
are arranged in regular order, the eye readily discovers the 
rule of their changes : it follows the curve which runs 
along their extremities, and takes note of the order in 
which its convexities and concavities succeed each other, 
if any order be readily discoverable. The separate obser- 
vations are in this manner compared and generalized and 
reduced to rule by the eye alone. And the eye, so em- 
ployed, detects relations of order and succession with a 
peculiar celerity and evidence. If, for example, we thus 
arrange as ordinates the prices of corn in each year for a 
series of years, we shall see the order, rapidity, and 
amount of the increase and decrease of price, far more 
clearly than in any other manner. And if there were any 
recurrence of increase and decrease at stated intervals of 
years, we should in this manner perceive it. The eye, 
constantly active and busy, and employed in making into 
shapes the hints and traces of form which it contemplates, 
runs along the curve thus offered to it ; and as it travels 
backwards and forw'ards, is ever on the watch to detect 
some resemblance or contrast between one part and 
another. And these resemblances and contrasts, when 
discovered, are the images of laws of phenomena ; which 
are made manifest at once by this artifice, although the 
mind could not easily catch the indications of their 
existence, if they were not thus reflected to her in the 
clear mirror of space. , 

Thus when we have a series of good observations, and 
know the argument upon which their change of magni- 
tude depends, the Method of Curves enables us to ascer- 
tain, almost at a glancp, the law of the change ; and by 
further attentipn, may be made to give us a formula with 
great accuracy. The Method enables us to perceive 
among bur observaticnis an order which without the 
method is concealed in obscurity and perplexity. 
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3. But the Method of Curves not only enables us to 
obtain laws of nature from good observations, but also, in 
a great degree, from observations which are very imperfect. 
For the imperfection of observations may in part be cor- 
rected by this consideration ; — that though they may 
appear irregular, the correct facts which they imperfectly 
represent, are really regular, And the Method of Curves 
enables us to remedy this apparent irregularity, at least 
in part. For when observations thus imperfect are laid 
down as ordinates, and their extremities connected by a 
line, we obtain, not a smooth and flowing curve, such as we 
should have if the observations contained only the rigo- 
rous results of regular laws; but a broken and irregular 
line, full of sudden and capricious twistings, and bearing 
on its face marks of irregularities dependent, not upon 
law, but upon chance. Yet these irregular and abrupt 
deviations in the curve are, in most cases, but small in 
extent, when compared with those bendings which denote 
the effects of regular law. And this' circumstance is one 
of the great grounds of advantage in the Method of 
Curves. For when the observations thus laid down 
present to the eye such a broken and irregular line, we 
can still see, often with great ease and certainty, what 
twistings of the line are probably due to the irregular 
errors of observation ; and can at once reject these, by 
drawing a more regular curve, cutting off all such small 
and irregular sinuosities, leaving some to the right and 
some to the left ; and then proceeding as if this regular 
curve, and not the irregular one, expressed the observa- 
tions. In this manner* we suppose the errors of obser- 
vation to balance each other; some of our correeted 
measures being too great and others too small, but with 
no great preponderance either way. We draw our main 
regular curve, not through the points given Ijy our obser- 
vations, but among them : drawing it, as has been said by 
V®L. M. 2 N. 
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one of th© philosophers* who first systematically used 
this method, “ with a bold but careful hand.” The regular 
curve which we thus obtain, thus freed from the casual 
errors of observation, is that in which we endeavour to 
discover the Jaws of change and succession. 

4. By this method, thus getting rid at once, in a 
great measure, of errors of observation, we obtain data 
which are mwe tTue than the individual facts themselves. 
Ihe philosopher’s business is to compare his hypotheses 
with facts, as we have often said. But if we make ^the 
comparison with separate special facts, we are liable to be 
perplexed or misled, to an unknown amount, by the 
errors of observation ; which may cause the hypothetical 
and the observed result to agree, or to disagree, when 
otherwise they would not do so. If, however, we thus 
take the whole mass of the facts, and remove the errors of 
actual observation!, by making the curve which expresses 
the supposed observation regular and smooth, wo have 
the separate facts Corrected by their general tendency. 
We are put in possession, as we have said, of something 
more true than any fact by itself is. 

One of the most admirable examples of the use of 
this Method of Curves is found in Sir John Herschel’s 
Investigation of Uie orbits of double stars\. The author 
there shows how far inferior the direct observations of the 
angle of position are, to the observations corrected by a 
curve in the manner above stated. “This curve once 
drawn,” he says, “ must represent, it is evident, the law 
ot variation of the angle of position, with the time, not 
only for instants intermediate between the dates of obscr- 
VRitions, but even at the moments of observation them- 
selves, muchdietter than the individual raw observations 
can possibly (on an average) do. It is only requisite to 

* 6ir J. Herscrkl, A$t. Soc. Trans, t. v. p. I. 
t Ib,, t. Y. p. 4. $ lb. 
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try a case or two, to be satisfied that by substituting the 
curve for the points, we have made a nearer approach to 
nature, and in a great measure eliminated errors of obser- 
vation.” “ In following the graphical process,” he adds, 
“ we have a conviction almost approaching to moral 
certainty that we cannot be greatly misted.” Again, 
having thus corrected the raw observations, he makes 
another use of the graphical method, by trying whether 
an ellipse can be drawn “if not through, at least among 
the points, so as to approach tolerably near them all ; and 
thus approaching to the orbit which is the subject of 
investigation.” 

5. The obstacles which principally impede the appli- 
cation of the method of curves are (I.) our igno^'ance of 
the argument of the changes, and (II.) the complication of 
several laws with one another, 

(I.) If we do not know on what quantity those changes 
depend which w'e are studying, we may fail entirely in 
detecting the law of the changes, although we throw the 
observations into curves. For the true argument of the 
change should, in fact, be made the abscissa of the curve. 
If we were to express, by a series of ordinates, the hour 
of high water on successive days, w'e should not obtain, 
or should obtain very imperfectly, the law which these 
times follow ; for the real argument of this change is not 
the solar hour, but the hour at which the moon passes the 
meridian. But if we are supposed to be aware that this 
is the argument, (which theory suggests and trial instantly 
confirms) we then do immediately obtain the primary 
rules of the time of high water, by throwing a series of 
observations into a curve, with the hour of the moon’s 
transit for thp abscissa, * 

In like manner, when we have obtained the first great 
or semi-menstrual inequality of the tides, if we endeavour 
to discover the laws of other inequalities by means of 

2 N 2 
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curves, we must take from theory the suggestion that the 
Ar^ments of such inequalities will probably be the 
paraUax and the declination of the moon. This suggestion 
again is confirmed by trial ; but if we were supposed to 
be entirely ignorant of the dependence of the changes of 
the tide on the distance and declination of the moon, the 
curves would exhibit unintelligible and seemingly capri- 
cious changes. For by the effect of the inequality arising 
from the parallax, the convexities of the curves which 
belong to the spring tides, are in some years made alter- 
nately greater and less all the year through; while in 
other years they are made all nearly equal. This differ- 
ence does not betray its origin, till we refer it to the 
parallax ; and the same difficulty in proceeding would 
arise if we were ignorant that the moon’s declination is 
one of the arguments of tidal changes. 

In like manner, if we try to reduce to law any meteoro- 
logical changes, those of the height of the barometer for 
instance, we find that we can make little progress in the 
investigation, precisely because we do not know the 
Argument on which these changes depend. That there 
is a certain regular diurnal change of small amount we 
know ; but when we have abstracted this inequality, (of 
which the Argument is the time of day,) we find far 
greater changes left behind, from day to day and from 
hour to hour ; and we express these in curves, but we 
cannot reduce them to rule, because w^e cannot discover 
on what numerical quantity they depend. The assiduous 
study of barometrical observations, thrown into curves, 
may perhaps hereafter point out to us what are the rela- 
tions of time and space by which these variations are 
determined; but in the mean time, this subject exem- 
plifies to us our remarjk, that the method of curves is of 
comparatively small use, so long as we are in ignorance 
of the real Arguments of the Inequalities. 



SPECIAL METHODS OF INDUCTION. — QUANTITY. 549 

6. (II.) In the next place, I remark that a difficulty 
is thrown in the way of the method of curves by the com- 
bination of several laws one with another. It will readily 
be seen that such a cause will produce a complexity in 
the curves which exhibit the succession of facts. If, for 
example, we take the case of the tides, the height of high 
water increases and diminishes with the approach of the 
sun to, and its recess from, the syzygies of the moon. 
Again, this height increases and diminishes as the moon’s 
parallax increases and diminishes ; and again, the height 
diminishes when the declination increases, and vice versa ; 
and all these Arguments of change, the distance from 
syzygy, the parallax, the declination, com])leto their 
circuit and return into themselves in different periods. 

, Hence the curve M’hich represents the height of high 
water has not any periodical interval in which it com- 
pletes its changes and commences a new cycle. The 
sinuosity Avhich would arise from each inequality sepa- 
rately considered, interferes with, disguises, and conceals 
the others ; and when M e first cast our eyes on the curve 
of observation, it is very far from offering any obvious 
regularity in its form. And it is to be observed that wo 
have not yet enumerated all the elements of this com- 
plexity : for there are changes of the tide depending upon 
the parallax and declination of the sun as Avell as of the 
moon. Again ; besides these changes, of Avhich the argu- 
ments are obvious, there are others, as those depending 
upon the barometer and the Aviiid, which follow no known 
regular law, and which constantly aftect and disturb the 
results produced by other laws. 

In the tides, and in like manner in the motions of the 
moon, we have very eminent exami)les df the way in 
which the discovery of laws may bp rendered difficult by 
the number of them which operate to affect the same 
quantity. In such cases, the inequalities are generally 
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picked out in succession, nearly in the order of their 
magnitudes. In this way there were successively col- 
lected, ftotn the study of the moon’s motions by a series 
of astronomers, those Inequalities which we term the 
Equation of the Centre, the Erection, the Variation, and 
the Anilual Equation. These Inequalities were not, in 
fact, obtained by the application of the Method of Curves; 
but the Method of Curves might have been apj)lied to 
such a case with great advantage. The Method has been 
applied with great industry and with remarkable success 
to the investigation of the laws of the tides ; and by the 
U8» of it, a series of Inequalities both of tiie Times and 
of the Heights of high water has been detected, which 
explain all the main features of the observed facts. 

Sect. II. The Method of Means. 

7. The Method of Curves, as we Jiave endeavoured 
to explain above, frees us from the casifal and extraneous 
irregularities which arise from the imperfection of obser- 
vation ; and thus lays bare tlie results of the laws whicli 
really operate, and enables us to proceed in search of 
those laws. But the Method of Curves is not the only one 
which effects such a purpose. Tlie errors arising from 
detached observations may be got rid of and the addi- 
tional accuracy which multiplied observations give may 
be obtained, by operations upon the observed numbers 
without expressing them by spaces. The process of 
curves assumes that the errors of observation balance 
each other ; — that the accidental excesses and defects are 
nearly equal in amount; — that the true quantities which 
would have been observed if all accidental causes of 
irregularity W'ere removed, are obtained, exactly or nearly, 
by selecting quantities, upon the whole, equally distant 
from the extremes of great and small which our imperfect 
observations* offer to us. But when, among a number of 
unequal quantities, we take a quantity equally distant from 
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the greater and the smaller, this quantity is termed the 
Mean of the unequal quantities. Hence the correction of 
our observations by the method of curves consists in taking 
the Mean of the observations. 

8. Now without employing curves, we may proceed 
arithmetically to take the Mean of all the observed 
numbers of each class. Thus, if we wished to know the 
height of the spring tide at a given place, and if we found 
that four different spring tides were measured as being of 
the height of ten, thirteen, eleven, and fourteen feet, we 
should conclude that the true height of the tide was 
the Mean of these numbei's, — namely, twelve feet ; and 
we should suppose that the deviation from this height, 
in the individual cases, arose from the accidents of 
weather, the imperfections of observation, or the oper- 
ation of other laws, besides the alternation of spring and 
neap tides. 

This process of finding the Mean of an assemblage of 
observed numbers is much practised in discovering, and 
still more in confirming and correcting, laws of pheno- 
mena. We shall notice a few of its peculiarities. 

9. It requires a knowledge of the Argument of the 
changes which we would study; for the numbers must 
be arranged in certain Classes, before wo find the JMean of 
each Class; and the principle on which this arrangement 
depends is the Argument. This knowledge of the Argu- 
ment is more indispensably necessary in the Method of 
Means than the Method of Curves ; for when curves are 
drawn, the eye often spontaneously detects the law of re- 
currence in their sinuosities; but when we have collections 
of numbers, wo must divide them into classes by a selection 
of our own. Thus, in order to discover thfe law which the 
heights of the tide follow, in thej)rogress from spring to 
neap, we arrange the observed tides according to the 
day of the momi's Ufje ; and we then take the mean of all 
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those which thus happen at the same period of the moon’s 
revolution. In this manner we obtain the law which we 
seek ; and the process is very nearly the same in all other 
applications of this Method of Means. In all cases, we 
begin by assuming the Classes of measures which we 
wish to compare, the Law which we could confirm or 
correct, the Formula of which wo would determine the 
coefficients. 

10. The Argument being thus assumed, the Method 
of Means is very efficacious in ridding our inquiry of 
errors and irregularities which would impede and perplex 
it. Irregularities which are altogether accidental, or at 
least accidental with reference to some law which wo 
have under consideration, comjjensate each other in a 
very remarkable way, when we take the means of many 
observations. If wo have before us a collection of ob- 
served tides, some of them may be elevated, some 
depressed by the wind, some noted too high and some 
too low by the observer, some augmented and some dimi- 
nished by uncontemplated changes in the moon’s distance 
or motion : but in the course of a year or two at the 
longest, all these causes of irregularity balance each 
other; and the law of succession, which runs through the 
observations, comes out as precisely as if those disturbing 
influences did not exist. In any particular case, there 
appears to be no possible reason Avhy the deviation should 
be in ohe way, or of one moderate amount, rather than 
another. But taking the mass of observations together, 
the deviations in opposite ways will bo of equal amount, 
with a degree of exactness very striking. This is found 
to be the case in all inquiries where we have to deal with 
observed numbers upon a large scale. In the progress of 
the population of a country, for instance, what can appear 
more inconstant, in detail, than the causes which produce 
births and deaths ? yet in each country, and even in each 
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province of a country, the proportions of the whole num- 
bers of births and deaths remain nearly constant. What 
can be more seemingly beyond the reach of rule than the 
occasions whj^h produce letters that cannot find their 
destination? yet it appears that the number of “dead 
letters” is nearly the same from year to year. And 
the same is the result when the deviations arise, not 
from mere accident, but from laws perfectly regular, 
though not contemplated in our investigation*. Thus 
the effects of the JSIoon’s Parallax upon the Tides, some- 
times operating one way and sometimes another, accord- 
ing to certain rules, are quite eliminated by taking the 
Means of a long series of observations ; the excesses and 
defects neutralizing each other so far as concerns the 
effect upon any law of the tides whicli we would investi- 
gate. 

11. In order to obtain very great accuracy, very large 
masses of observations are often employed by philoso- 
phers, and the accuracy of the result increases with the 
multitude of observations. The immense collections of 
astronomical observations which have in this manner 
been employed in order to form and correct the tables of 
the celestial motions are perhaps the most signal instances 
of the attempts to obtain accuracy by this accumulation 
of observations. Delambre’s Tables of the Sun are 
founded upon nearly 3000 observations; Burg’s Tables 
of the Moon upon above 4000. 

But there are other instances hardly less remarkable. 
Mr. Lubbock’s first investigations of the law’s of the tides 
of Londonf, included above 13,000 observations, extend- 
ing through nineteen years ; it being considered that this 

large number was necessary to remove the effects of 

♦ 

^ Provided the argument of the law whicli wc neglect have no 
coincidence with the argument of the law which we would determine. 

t PhU, Tr. 1831. 
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accidental causes*. And the attempts to discover the 
laws of change in the barometer have led to the perform- 
ance of labours of equal amount : Laplace and Bouvard 
examined this question by means of observations made 
at the Observatory of Paris, four times every day for 
eight years. 

12. We may remark one striking evidence of the 
accuracy thus obtained by employing large masses of obser- 
vations. In this way we may often detect inequalities 
much smaller than the errors by which they are encumbered 
and concealed. Thus the diurnal oscillations of the baro- 
meter were discovered by the comparison of observations 
of many days, classified according to the hours of the 
day; and the result was a clear and incontestable proof 
of the existence of such oscillations, although the dif- 
ferences which these oscillations produce at different 
hours of the day are far smaller than the casual changes, 
hitherto reduced to no law, which go on from hour to 
hour and from day to day. The effect of law, operating 
incessantly and steadily, makes itself more and more felt 
as we give it a lopger range; while the effect of acci- 
dent, followed out in the same manner, is to annihilate 
itself, and to disappear altogether from the result. 

Sectt. III. The Method of Least Squares. 

13. The Method of Least Squares is in fact a method 
of means, but with some peculiar characters. Its object 
is to determine the best Mean of a number of observed 
quantities; or the most probable Law derived from a number 

* This period of nineteen years was also selected for a reason which 
is alluded to in a former note. (p. ,'55.3.) It was thought that this 
period secured the inquirer from the errors which might be produced 
by the partial coinfidence of the arguments of different irregularities ; 
for example, Ihose due to the moon's parallax and to the moon’s decli- 
nation. It has since been fofind {Phil. Tr. 1838. On the DetermhM- 
tioti of the Laws of the Tides from Short Series of Observations,) that with 
regard to parallax at least, the Means of one year give stifficient accuracy. 
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of observations, of which some, or all, are allowed to be 
more or less imperfect. And the method proceeds upon 
this supposition ; — that all errors are not equally probable, 
but that small errors are more probable than large ones. 
By reasoning mathematically upon this ground, we find 
that the best result is obtained (since we cannot obtain a 
result in which the errors vanish) by makin^not the 
Errcn's themselves, but the Sum of their ■ Sqtiares of the 
smallest possible amount. 

14. An example may illustrate this. Let a quantity 
which is known to increase uniformly, (as the distance of 
a star from the meridian at successive instants,) be mea- 
sured at equal intervals of time, and be found to be suc- 
cessively 4, 12, 14. It is plain, upon tlie face of these 
observations that they are en’oneous ; for they ought to 
form an arithmetical progression, but they deviate widely 
from such a progression. But the question then occurs, 
what arithmetical progression do they most probably repre- 
sent : for we may assume several arithmetical progressions 
which more or less apj)roach the observed series; as for 
instance, these three; 4,9,14; 6„10, 14; 5, 10,16. 
Now in order to see the claims of each of these to the 
truth, we may tabulate them thus. 


Observation 


4, 12, 14 Errors. 

Sums of 
errors. 

Sums of squares 
of errors. 

Series (1) 4, 9, 14 ... 0, 3, 0 

. 3 

9 

„ (2) 6, 10, 14 ... 2, 2, 0 

. 4 

8 

„ (3) 5, 10, 15 ... 1, 2, 1 

. 4 

... 6 

Here, although the first series gives 

the sum of the errors 


less than the others, the third series gives the sum of the 
squares of the errors least ; and is therefore, by the pro- 
position on which this Method depends, the most probable 
series of the three. * 

This Method, in more extensive and complex cases, is a 
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great aid to the calculator in his inferences from facts, and 

'.v 

removes much that is arbitrary in the Method of Means. 

Sect. IV. The Method of Residues. 

15. By either of the preceding Methods we obtain, 
from observed facts, such laws as readily offer themselves; 
and by the laws thus discovered, the most prominent 
changes*of the observed quantities are accounted for. 
But in many cases we have, as wo have noticed already, 
several laws of nature operating at the same time, and 
combining their influences to modify those quantities 
which are the subjects of observation. In these cases we 
may, by successive applications of the Methods already 
pointed out, detect such laws one after another : but this 
successive i)rocess, though only a repetition of what we 
have already described, offers some peculiar features which 
make it convenient to consider it in a separate Section, 
as the Method of Residues. 

16. When we have, in a scries of changes of a variable 
quantity, discovered one Law which the changes follow, 
detected its argument, and determined its magnitude so 
as to explain most ^clearly the course of observed facts, 
we may still find that the observed changes are not fully 
accounted for. When we compare the results of our 
Law with the observations, there may be a difference, or 
as w'e may term it, a Residue, still unex])Iained. But 
this Residue being thus detached from the rest, may bo 
examined and scrutinized in the same manner as the 
whole observed quantity was treated at first : and we may 
in this way detect in it also a Law of change. If we can 
do this, we must accommodate this new found Law as 
nearly as possible to the Residue to which it belongs ; and 
this being done,' the difference of our Rule and of the 
Residue itself, forms a t^econd Residue. This Second Re- 
sidue wo may •again bring under our consideration; and 
may peiim]>s in it also discover some liaw of change by 
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which its alterations may be in some measure accounted 
for. If this can be done, so as to account for a large 
portion of this Residue, the remaining unexplained part 
forms a Third Residue ; and so on. 

17. This course has really been followed in various 
inquiries, especially in those of Astronomy and Tidology. 
The Equation of the Centre, for the moon, was obtained 
out of the Residue of the Longitude, which remained 
when the Mean Anomaly was taken away. This Equa- 
tion being applied and disposed of, the Second Residue 
thus obtained, gave to Ptolemy the Evection. The Third 
Residue, left by the Equation of the Centre and the Evec- 
tion, supplied to Tycho the Variation and the Annuid 
Equation, And the Residue, remaining from these, 
has been exhausted by other equations, of various argu- 
ments, suggested by theory or by observation. In 
this case, the successive generations of astronomers 
have gone on, each in its turn executing some step in 
this Method of Residues. In tlie examination of the 

^ Tides, on the other hand, this method has been applied 
systematically and at once. The observations readily 
gave the Semimenstrual Inequality, the Residue of this 
supplied the corrections due to the Moon’s Parallaa,’ and 
Declination ; and when these were determined, the re- 
mainmg Residue was explored for the law of the Solar 
Correction. 

18. In a certain degree, the Method of Residues and 
the Method of Means are opposite to each other. For 
the Method of Residues extricates Laws from their com- 
bination, bringing them into view in succession ; while the 
Method of Means discovers each Law, not by bringing 
the others into view, but by destroying thefr effect through 
an accumulation of observations. ^ By the Method of Re- 
sidues we should first extract the Law ofi the Parallax 
Correction of the Tides, and then, from the Residue left 
fey this, obtain the Declination Correction. But we 
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might at once employ the Method of Means, and put 
together qtU the cases in which the Declination was the 
same ; not allowing for the Parallax in each case, but 
taking for granted that the Parallaxes belonging to the 
same Declination would neutralize each other ; as many 
falling above as below the mean parallax. In cases like 
this, where the Method of Means is not impeded by a 
partial coincidence of the Arguments of different unknown 
Inequalities, it may be employed with almost as much 
success as the Method of Residues. But still, when the 
Arguments of the Laws are clearly known, as in this 
instance, the Method of Residues is more clear and direct, 
and is the rather to be recommended. 

19. If for example, we wish to learn whether the 
Height of the Barometer exerts any sensible inffuence on 
the Height of the Sea’s Surface, it would appear that the 
most satisfactory mode of proceeding, must be to subtract, 
in the first place, what we know to be the effects of the 
Moon’s Age, Parallax and Declination, and other ascer- 
tained causes of change ; and to search in the unca^plaincd 
Residue for the effects of barometrical pressure. The con- 
trary course has, however, been adopted, and the effect t,f 
the barometer on the ocean has been investigated by the 
direct application of the Method of Means, classing the 
observed heights of the water according to the corres- 
ponding heights of the barometer without any previous 
reduction. In this manner, the suspicion that the tide of 
the sea is effected by the pressure of the atmosphere, has 
been confirmed. This investigation must be looked upon 
as a remarkable instance of the efficacy of the Method 
of Means, since the amount of the barometrical effect is 
much smaller than the other changes from among which 
it was by this process extricated. But an application of 
the Method of Residues would still be desirable on a 

c 

subject of such extent and difficulty. 

20. Sir John Herschel, in his Discourse on the Study 
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of Natural Philosophi/ (Articles 168 — 161), has pointed 
out the mode of making discoveries by studying Residual 
Phenomena; and has given several illustrations of the 
process. In some of these, he has also considered this 
method in a wider sense than we have done ; treating it 
as not applicable to quantity only, but to properties and 
relations of different kinds. 

We likewise shall proceed to offer a few remarks on 
Methods of Induction applicable to other relations than 
those of quantity. 


Chapter VIII. 

METHODS OF INDUCTION DEPENDING ON 
RESEMBLANCE. 

Sect. I. The Law of Continuity. 

1. The Law of Continuity is applicable to quantity 
primarily, and therefore might be associated with the 
methods treated of in the last chapter : but inasmuch as 
its inferences are made by a transition from one degree to 
another among contiguous cases, it will be found to 
belong more properly to the Methods of Induction of 
which we have now to speak. 

The Law of Continuity consists in this proposition, — 
That a quantity cannot pass from one amount to another 
by any change of conditions, without passing through all 
intermediate degrees of magnitude according to the inter- 
mediate conditions. And this law may often be employed 
to correct inaccurate inductions, and to reject distinctions 
which have no real foundation in nature^ For example, 
the Aristotelians made a distinction between motions 
according to nature, as that of d body falling vertically 
downwards, and motions contrary to nature, as that of a 
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bodj moving along a horizontal plane : the former, they 
held, became naturally quicker and quicker, the latter 
naturally slower and slower. But to this it migh| be 
replied, that a horizontal line may pass, by gradual motion, 
through various inclined 'positions, to a vertical position : 
and thus the retarded motion may pass into the accele- 
rated ; and hence there must be some inclined plane on 
which the motion downwards is naturally uniform : which 
is false, and therefore the distinction of such kinds of 
motion is unfounded. Again, the proof of the First Law 
of Motion depends upon the Law of Continuity : for since, 
by diminishing the resistance to a body moving on a 
horizontal plane, we diminish the retardation, and this 
without limit, the law of continuity will bring us at the 
same time to the case of no resistance and to the case of 
no retardation. 

2. The Law of Continuity is asserted by Galileo in a 
particular application ; and the assertion which it suggests 
is by him referred to Plato; — namely*, that a moveable 
body cannot pass from rest to a determinate degree of 
velocity without passing through all smaller degrees of 
velocity. This law, however, was first asserted in a more 
general and abstract form by Leibnitzf : and was em- 
ployed by him to show that the laws of motion propounded 
by Descartes must be false. The Third Cartesian Law 
of Motion was this| : that when one moving body meets 
another, if the first body have a less momentum than the 
second, it will be reflected with its whole motion : but if 
the first have a greater momentum than the second, it 
will lose a part of its motion, which it will transfer to 
the second. Now each of these cases leads, by the Law 
of Continuity, to the case in which the two bodies have 
eqml momentums : but in this case, by the first part of 

* Dialog, 'viu 150. iv. 32 t Opera, i. 360. 

J Cartes. Pr»w., p. 36. 
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the law the body would retain all its motion ; and by the 
second part of the law it would lone a portion of it : hence 
the Cartesian Law is false. 

3. I shall take another example of the application of 
this Law from Professor Playfair’s Dissertation on the 
History of Mathematical and Physical Science*. “The 
Academy of Sciences at Paris having (in 1724) proposed, 
as a Prize Question, the Investigation of the Laws of the 
Communication of Motion, John Bernoulli presented an 
Essay on the subject very ingenious and profound ; in 
which, however, ho denied the existence of hard bodies, 
because in the collision of such bodies, a finite change of 
motion must take place in an instant : an event w'hich, on 
the principle just explained, he maintained to be impos- 
sible.” And this reasoning was justifiable: for we can 
form a continuous transition from cases in which the 
impact manifestly occupies a finite time, (as when we 
strike a large soft body) to cases in which it is apparently 
instantaneous. Maclaurin and others are disposed, in 
order to avoid the conclusion of Bernoulli, to reject the 
Law of Continuity. This, however, would not only be, 
as Playfair says, to deprive ourselves of an auxiliary, com- 
monly useful though sometimes decej)tive ; but what is 
much worse, to acquiesce in false propositions, from the 
want of clear and patient thinking. For the Law of 
Continuity, when rightly interjireted, is never violated in 
actual fact. There are not really any such bodies as have 

ioxmQvii 'perfectly hard : and if we aj)proach tow'ards 
such cases, we must learn the lan's of motion which rule 
them by attending to the Law of Continuity, not by 
rejecting it. 

4. Newton used the Law of Continuity to suggest, 
but not to prove, the doctrine of •universal gravitation. 
I^et, he said, a terrestrial body be carried as* high as the 

* Tn the Eiici/, Brtt.,\>. 537- 
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moon : will it not still fall to the earth ? and does not the 
moon fall by the same force*? Again: if any one says 
that there is a material ether which does not gravitate f, 
this kind of matter, by condensation, may be gradually 
transmuted to the density of the most intensely gravi- 
tating bodies : and these gravitating bodies, by taking the 
internal texture of the condensed ether, may cease to 
gravitate; and thus the weight of bodies depends, not 
on their quantity of matter, but on their texture ; which 
doctrine Newton conceived he had disproved by expe- 
riment. 

6. The evidence of the Law of Continuity resides 
in the universality of those ideas, which enter into our 
apprehension of Laws of Nature. When, of two quan- 
tities, one depends upon the other, the Law of Continuity 
necessarily governs this dependence. Every philosoplier 
has the power of applying this law, in proportion as he has 
the faculty of apprehending the ideas which he employs 
in his induction, with the same clearness and steadiness 
which belong to the fundamental ideas of quantity, sjiacc 
and number. To those who possess this faculty, the Law 
is a Rule of very wide and decisive application. Its use, as 
has appeared in the above examples, is seen rather in tlic 
disproof of erroneous views, and in the correction of false 
propositions, than in the invention of new truths. It is a 
test of truth, rather than an instrument of discovery. 

Methods, however, approaching very near to the Law 
of Continuity may be employed as positive means of ob- 
taining new truths ; and these I shall now describe. 

Sect. II. The Method of Gradation. 

6. To gather together the cases which resemble each 
other, and to separate those which are essentially distinct, 
has often been described as the main business of science ; 
and may, in h. certain loose and vague manner of speaking, 
pass for a description of some of the leading procedures m 

* 1 in nrnn. Oor» 
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the acquirement of knowledge. The selection of instances 
which agree, and of instances which differ, in some pro- 
minent point or property, are important steps in the 
formation of science. But when classes of things and 
properties have been established in virtue of such com- 
parisons, it may still be doubtful whether these classes are 
separated by distinctions of opposites, or by differences of 
degree. And to settle such questions, the Method of 
Gradation is employed; wdiich consists in taking inter- 
mediate stages of the properties in question, so as to 
ascertain by experiment whether, in the transition from 
one class to another, we have to leap over a manifest gap, 
or to follow a continuous road. ■* 

7. Thus for instance, one of the early Divisions estab- 
lished by electrical philosophers was that of Electrics and 
Conductors. But this division Faraday has overturned as 
an essential opposition. He takes* a Gradation which 
carries him from Conductors to Non-conductors. Sul- 
phur, or lac, he says, are held to be non-conductors, but 
are not rigorously so. Spermaceti is a bad conductor: 
ice or water better than spermaceti: metals so much 
better that they are put in a different class. But even in 
metals the transit of the electricity is not instantaneous : 
we have in them proof of a retardation of the electric 
current: “and what reason,” Mr. Faraday asks, “why 
this retardation should not be of the same kind as that 
in spermaceti, or in lac, or sulphur? But as, in them, 
retardation is insulation, [and insulation is inductionfj 
why should we refuse the same relation to the same 
exhibitions of force in the metals?” 

The process employed by the same sagacious philo- 
sopher to show the identity of Voltaic* and Franklinic 

* Researches, 12th Series, Art. 1328.* ^ 

■f These words refer to another proposition, also established by the 
Method of Qradation. 
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electricity is another example of the same kind*. Ma- 
chine [Franklinic] electricity was made to exhibit the 
same phenomena as Voltaic electricity, by causing the 
discharge to pass through a bad conductor, into a very 
extensive discharging train : and thus it was clearly shown 
that Franklinic electricity, not so conducted, differs from 
the other kinds, only in being in a state of successive 
tension and explosion instead of a state of continued 
current. 

Again ; to show that the decomposition of bodies in 
the voltaic circuit was not due to the Attraction of the 
Polesf, Mr. Faraday devised a beautiful series of experi- 
ments, in which these supposed Poles were made to 
assume all j)OSsiblo electrical conditions: — in which the 
decomposition took place against air, which according to 
common language is not a conductor, nor is decomposed ; 
— against the metallic poles, which are excellent conduc- 
tors but uhdecomposablc : and hence he infers that the 
decomposition cannot justly be considered as due to the 
Attraction, or Attractive Powers, of the Poles. 

8. The reader of the Novum Organon may ]>erhaps, in 
looking at such examples of the Rule, be reminded of 
some of Bacon’s classes of instances, as his instantm 
absentice in 'proximo, and his instantice migrantes. But wo 
may remark that instances classed and treated as Bacon 
recommends in those parts of his work, could hardly lead 
to scientific truth. Ilis processes are vitiated by his 
proposing to himself the form or cause of the pr<jperty 
before him, as the object of his inquiry ; instead of being 
content to obtain, in the first place, the law of phenomena. 
Thus his example:!: of a migrating instance is thus given. 
“ Let the nalttifie inquired into be that of whiteness ; an 
instance migrating to the production of this property is 
glass, first whole, and then pulverized ; or plain water, and 

Hist. lad. Scl.y iii, 1()4. t 7Z»., 165. ReseandteSy Art. 467- 
j Nov. Ort/.y lib. ii. Aj)]i^2y. 
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water agitated into a foam ; for glass and water are trans* 
parent, and not white ; but glass powder and foam are 
white, and not transparent. Hence we must inquire 
what has happened to the glass or water in that migra- 
tion. For it is plain that the form of whiteness is con- 
veyed and induced by the crushing of the glass and 
shaking of the water.” 

9. We may easily give examples from other subjects 
in which the method of gradation has been used to esta- 
blish, or to endeavour to establish, very extensive propo- 
sitions. Thus Laplace’s Nebular Hypothesis, — that sys- 
tems like our solar system arc formed by gradual conden- 
sation from diffused masses, such as the nebula! among 
the stars, — is founded l)y him upon an api:)lication of this 
Method of Gradation. We see, he conceives, among 
these nebula;, instances of all degrees of condensation, 
from the most loosely diffused fluid, to that separation 
and solidification of parts by which suns, and satellites, 
and planets are formed : and tlius w’e have before us 
instances of systems in all their stages; as in a forest we 
see trees in every period of growth. How far the exam- 
ples in this case satisfy the demands of the Method of 
Gradation, it remains for astronomers and philosophers to 
examine. 

Again ; this method was used with great success by 
Maculloch and others to refute the opinion, put in cur- 
rency by the Wernerian school of geologists, that the 
rocks called trap rocks must be classed with those to 
which a sedimentary origin is ascribed. For it was shown 
that a gradual transition might be traced from those 
examples in which trap rocks most resembled stratified 
rocks, to the lavas which have been recently ejected from 
volcanoes : and that it -was impossible to assign a different 
origin to one portion, and to the other, of this kind of 
mineral masses ; and as the volcanic rocks were certainly 
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not sedlmeintary, it followed that the trap rocks were not 
of that nature. 

Again; we have an attempt of a still larger kind 
made by Mr. Lyell, to apply this Method of Gradation so 
as to disprove^all distinction between the causes by which 
geological phenomena have been produced, and the causes 
which are now acting at the earth’s surface. He has 
collected a very remarkable series of changes which have 
taken place, and are still taking place, by the action of 
water, volcanoes, earthquakes, and other terrestrial opera- 
tions ; and he conceives he has shown in these a gradation 
which leads, Avith no wide chasm or violent leap, to the 
state of things of Avhich geological researches have sup- 
plied the evidence. 

10. Of the value of this Method in geological specu- 
lations, no doubt can be entertained. Yet it must still 
require a graA^e and profound consideration, in so vast an 
application of the Method as that attempted by Mr. Lyell, 
to determine Avhat extent avo may alloAv to the steps of 
our gradation ; and to decide how far the changes Avhich 
have taken place in distant parts of the series may exceed 
those of which Ave have historical knowledge, before they 
cease to be of the sa?ne kind. Those Avho, dAvelling in a 
city, see, from time to time, one house built and another 
pulled doAvn, may say that such Cevisting causes, operating 
through past time, sufficiently explain the existing condi- 
tion of the city. Yet we arrive at important political and 
historical truths, by considering the origin of a city as an 
event of a different order from those daily changes. The 
causes which are now working to produce geological 
results, may be .supposed to have been, at some former 
epoch, so far exaggerated in their operation, that the 
changes should be paroxysms, not degrees; — that they 
should violate, not continue, the gradual series. And 
Ave have no kind of evidence whether the duration of our 
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historical times is sufficient to give us a just measure of 
the limits of such degrees ; — whether the terms which we 
have under our notice enable us to ascertain the average 
rate of progression. 

11. The result of such considerations seems to be 
this: — that we may apply the Method of Gradation in 
the investigation of geological causes, provided we leave 
the Limits of the Gradation undefined. But, then, this 
is equivalent to the admission of the opposite hypothesis : 
for a continuity of which the successive intervals are not 
limited, is not distinguishable from discontinuity. The 
geological sects of recent times have been distinguished 
as uniformitaruim and catastrophuU : the Method of 
Gradation seems to prove the doctrine of the uniformi- 
tarians ; but then, at the same time that it does this, it 
breaks down the distinction between them and the cata- 
stroidiists. 

There are other exemplifications of the use of grada- 
tions in Science which well deserve notice : but some of 
them are of a kind somewhat different, and may be con- 
sidered under a se[)arate head. 

Sect. III. The Method of Natural Classification. 

12. 'The method of natural classification consists, as 
we have seen, in grouping together objects, not according 
to any selected properties, but according to their most 
important resemblances ; and in combining such grouping 
with the assignation of cei'tain marks ot the classes thus 
formed. The examples of the successful application 
of this method are to be found in the Classificatory 
Sciences through their whole extent ; as, for example, 
in framing the Genera of plants and animals. The 
same method, however, may often te extended to 
other sciences. Thus the classification of crystalline 
forms, according to their degree of symmetry, (which 
is really an important distinction,) as introduced by 
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Mohs and Weiss, was a great improvement upon Haiiy’s 
arbitrary division according to certain assumed primary 
forms. Sir David Brewster was led to the same distinc- 
tion of crystals by the study of their optical properties ; 
and the scientific value of the classification was thus 
strongly exhibited. Mr. Howard’s classification of clouds 
appears to be founded in their real nature, since it enables 
him to express the laws of their changes and successions. 
As we have elsewhere said, the criterion of a true classifi- 
cation is, that it makes general propositions possible. 
One of the most prominent examples of the beneficial 
influence of a right classification, is to be seen in the 
imi)ulse given to geology by the distinction of strata 
according to the organic fossils which they contain*: 
which, ever since its general adoption, has been a leading 
principle in the speculations of geologists. 

13 . The mode in which, in this and in other cases, the 
Method of Natural Classification directs the researches of 
the ])hiloso[)her, is this : — his arrangement being adopted, 
at least as an instrument of inquiry and trial, ho follows 
the course of the different members of the classification, 
according to the guidance which Nature herself offeis; 
not jtrescribing beforehand the marks of each part, but 
distributing the facts according to the total resemblances, 
or according to those resemblances which he finds to be 
most iinj)ortant. Thus, in tracing the course of a series 
of strata from place to place, w'o identify each stratum, 
not by any single character, but by all taken together; — 
texture, colour, fossils, position, and any other circum- 
stances which offer themselves. And if, by this means, 
we come to ambiguous cases, where different indications 
appear to jioinr dififerent ways, we decide so as best to 
preserve undamaged those general relations and truths 
which constitute the value of our system. Thus although 

^ IlUt, i!i. 507. 
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we consider the organic fossils in each stratum as its 
most important characteristic, we are not prevented, by 
the disappearance of some fossils, or the addition of others, 
or their total absence, from identifying strata in distant 
countries, if the position and other circumstances autho- 
rize us to do so. And by this Method of Classification, 
the doctrine of Geological Equivalents’^' has been applied 
to a great part of Europe. 

14. We may further observe,, that the same method 
of natural classification which thus enables us to identify 
strata in remote situations, notwithstanding there may bo 
great differences in their material and contents, also for- 
bids us to assume the identity of the series of rocks which 
occur in different countries, Avhen it has not been verified 
by such a continuous ox])loration of the component mein- 
bers of the series. It Avould be in the highest degree 
un philosophical to apply the sjiecial names of the Eng- 
lish or German strata to the rocks of India, or America, 
or even of southern Europe, till it has appeared that in 
those countries the geological series of northern Europe 
really exists. In each separate country, the divisions of 
the formations which compose the crust of the earth must 
be made out, by a])i)lying the Method of Natural Arrange- 
ment to that particular case, and not by arbitrarily extend- 
ing to it the nomenclature belonging to another case. It 
is only by such precautions, that we can cA^er succeed in 
obtaining geological j)ropositions, at the same time true 
and comprehensive ; or can obtain any sound general vicAvs 
respecting the physical history of the earth. 

15. The method of natural classification, Avhich Ave thus 
recommend, fixlls in with those mental habits Avhich A\e 
formerly described as resulting fi’om the study of natural 
history. The method Avas then, termed the Method of 
Type, and aaws put in opposition to the Method of Deji~ 
nilion. 

■" Ilkt. luil. ScL, iii. 532. 
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The Method of Natural Classification is directly op- 
posed to the process in which we assume and apply ar3i~ 
trary definitions ; for in the former Method, we find our 
classes in nature, and do not make them by marks of our 
oAvn imposition. Nor can any advantage to the progress 
of knowledge be procured, by laying down our characters 
Avhen our arrangements are as yet quite loose and un- 
formed. Nothing was gained by the attempts to define 
Metals by their weight,’ their hardness, their ductility, 
their colour; for to all these marks, as fast as they were 
proposed, exceptions were found, among bodies whicli 
still could not be excluded from the list of Metals. It 
was only when elementary substances were divided into 
Natural Classes, of Avhich classes Metflls were one, that a 
true view of their distinctive characters was obtained. 
Definitions in the outset of our examination of nature 
are almost always, not only useless, but prejudicial. 

16. When we obtain a law of nature by induction 
fi'om phenomena, it commonly happens, as Ave have 
already seen, that we introduce, at the same time, a Pro- 
position and a Definition. In this case, the two arc cor- 
relative, each giving a real value to the other. In such 
cases, also, the Definition, as well as the Proposition, may 
become the basis of rigorous reasoning, and may lead to 
a series of deductive truths. We have examples of such 
Definitions and Propositions in the laws of motion, and 
in many other cases. 

17. When we have established Natural Classes of 
objects, we seek for Characters of our classes ; and these 
Characters may, to a certain extent, be called the Defini- 
tions of our classes. This is to be understood, hoAvever, 

€> 

only in a limited sense : for these Definitions are not 
absolute and permanent. They are liable to be modified 
and superseded. If we find a case which manifestly be- 
longs to our Natural Class, thougli violating our Defini- 
tion, we do not shut out the case, but alter our defini- 
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tion. Thus, when wo have made it part of our Definition 
of t\\Q Rose family, that they have alternate stipulate leaves, 
we do not, therefore, exclude from the family the genus 
Loima, which has no stipulee. In Natural Classifications, 
our Definitions are to be considered as temporary and 
provisional only. When Mr. Lyell established the dis- 
tinctions of the tertiary strata, which he termed Eocene, 
Miocene, and Pliocene, he took a numerical criterion (the 
proportion of recent species of shells contained in those 
strata) as the basis of his division. But now that those 
kinds of strata have become, by their application to a 
great variety of cases, a series of Natural Classes, we must, 
in our researches, keep in view the natural connexion 
of the formations ‘themselves in different places ; and 
must by no means allow ourselves to be governed by tlie 
numerical proportions which were originally contemplated; 
or even by any amended numerical criterion equally arbi- 
trary ; for however amended. Definitions in natural his- 
tory are never immortal. The etymologies of Pliocene 
and Miocene may, hereafter, come to have merely an his- 
torical interest ; and such a state of things will be no 
more inconvonicut, provided the natural connexions of 
each class are retained, than it is to call a rock oolite or 
porphyry, when it has no roelike structure and no fiery 
spots. 

The Methods of Induction which are treated of in 
this and the preceding chapter, and which are specially 
applicable to causes governed by relations of Quantity or 
of Resemblanfie, commonly lead us to Laws of Phenomena 
only. Inductions founded upon other ideas, those of 
Substance and Cause for example, appear to conduct u$ 
somewhat further into a knowledge of the essential 
nature and real connexions of things. But before we 
speak of these, we shall say a few words Respecting the 
way in which inductive propositions, once obtained, may 
be verified and carried into effect by their application. 
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Chapter IX. 

OF THE APPLICATION OF INDUCTIVE TRUTHS. 

1. By the application of inductive truths, we here 
mean, according to the arrangement given in page 484, 
those stejis, which in the natural order of science, follow 
the discovery of each truth. These steps are, the verifica- 
tion of the discovery by additional experiments and rea- 
sonings, and its extension to new cases, laot contemplated 
by the original discoverer. These ])rocesses occupy that 
period, which, in the history of each great discovery, we 
have termed the Sequel of the epoch ; as the collection 
of facts, and the elucidation of conceptions, form its 
Prelude. 

2. It is not necessary to dwell at length on the pro- 
cesses of the verification of discoveries. When the law of 
nature is once stated, it is fitr easier to devise and execute 
experiments which prove it, thab it was to discern tlie 
evidence before. The ti-uth becomes one of the standard 
doctrines of the science to which it belongs, and is veri- 
fied by all who study or who teach the science ex])eri- 
mentally. The leading doctrines of chemistry are con- 
stantly exenijdified by each chemist in his Laboratory; 
and an amount of verification is thus obtained of which 
books give no adequate conception. In astronomy, wo 
have a still stronger example of the process of verifying 
discoveries. Ever since the science assumed a systematic 
form, there have been Observatoriesy in wlifcli the conse- 
quences of the theory were habitually compared with the 
results of observation. And to facilitate this comparison, 
Tables of great extent have been calculated, with immense 
labour, from each theory, ahowing the place which the 
theory assign^ to the heavenly bodies at successive 
times ; and thus, as it Mere, challenging nature to deny 
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the truth of the discovery. In this way, as I have else- 
where stated, the continued prevalence of an error in the 
systematic parts of astronomy is impossible*. An error, 
if it arise, makes its way into the tables, into the eplie- 
meris, into the observer’s nightly list, or his sheet of re- 
ductions ; the evidence of sense flies in its face in a thou- 
sand Observatories ; the discrepancy is traced to its source, 
and soon disappears for ever. 

3. In these last expressions, we suppose the theory, 
not only to be tested, but also to be corrected when it is 
found to be imperfect. And this also is part of the busi- 
ness of the observing astronomer. From bis accumulated 
observations, he deduces more exact values than had pre- 
viously been obtained, of the Coefficients of these Ine- 
qualities of which the Argument is already known. This 
he is enabled to do by the methods explained in the fifth 
chapter of this Book ; the Method of Means, and espe- 
cially the Method of Least Squai’cs. In other cases, he 
finds, by the Method of Residues, some now Inequality; 
for if no change of the Coefliciojits will bring the Tables 
and the observation to a coincidence, he knows that a 
new Term is wanting in his formula. lie obtains, as far 
as he can, the law of this unknown Term ; and when its 
existence and its law have been fully established, there 
remains the task of tracing it to its cause. 

4. The condition of the science of Astronomy, with 
regard to its security and prospect of progress, is one of 
singular felicity. It is a question well worth our con- 
sideration, as regarding the interests of science, whether, 
in other branches of knowledge also, a continued and con- 
nected system of observation and calcidation, imitating the 
system employed by astronomers, might not be adopted. 
But the discussion of this questiop umuld involve us in a 
digression too wide for the present occasion? 

* Hist. Tvd. Set., ii. 287- 
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6. There is another mode of application of true theo- 
ries after their discovery, of which wo must also speak ; I 
mean the process of showing that facts, not included in 
the original induction, and apparently of a different kind, 
are explained by reasonings founded upon the theory. 
The history of physical astronomy is full of such events. 
Thus after Bradley and Wargentin had observed a cer- 
tain cycle among the perturbations of Jujnter’s satellites, 
Laplace explained this cycle by the doctrine of universal 
gravitation*. The long inequality of Jupiter and Saturn, 
the diminution of the obliquity of the ecliptic, the acce- 
leration of the moon’s mean motion, were in like manner 
accounted for by Laplace. The coincidence of the nodes 
of the moon’s equator with those of her orbit was proved 
to result from mechanical ])rinciples by Lagrange. The 
motions of the recently-discovered i>lanets, and of comets, 
shown by various mathematicians to be in exact accord- 
ance with the theory, are verifications and extensions still 
more obvious. 

6. In many of the cases just noticed, the consistency 
between the theory, and the consequences thus proved to 
result from it, is so far from being evident, that the most 
consummate command of all the powers and aids of ma- 
thematical reasoning is needed, to enable the philosopher 
to arrive at the result. In consequence of this circum- 
stance, the labours just referred to, of Laplace, Lagrange, 
and others, have been the object of very great and very 
just admiration. Moreover, the necessary connexion of 
new facts, at first deemed inexplicable, with principles al- 
ready known to be true ; — a connexion utterly invisible at 
the outset, and yet at last established with the certainty 
of demonstratiftn ; — strikes us with the delight of a new 
discovery ; and at first sight appears no less admirable 
than an original induction. Accordingly, men sometimes 


* But. Ini. Set., ii. 220. 
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appear tempted to consider Laplace and other great 
mathematicians as persons of a kindred genius to Newton. 
We must not forget, however, that there is a great and 
essential difference between inductive and deductive pro- 
cesses of the miud. The discovery of a new theory, 
which is true, is a step widely distinct from any mere 
development of the consequences of a theory already 
invented and established. 

7. As an example, in another field, of the extension 
of a discovery by applying it to the explanation of new 
phenomena, we may adduce Wells’s Inquiry into the Cause 
of Dew. For this investigation, altliough it has some- 
times been praised as an original discovery, was, in fact, 
only resolving the phenomenon into j)rinciples already 
discovered. The atmologists of the last century were 
aware* that the vapour which exists in air in an invisible 
state may be condensed into water by cold ; and they had 
noticed that there is always a certain temperature, lower 
than that of the atmosphere, to which if we depress 
bodies, water forms upon them in fine drops. This tem- 
perature is the limit of that which is necessary to consti- 
tute vapour, and is hence called the constituent temperature. 
But these principles were not generally familiar in Eng- 
land till Dr. Wells introduced them into his Essay on 
Dew, published in 1814; having indeed been in a great 
measure led to them by his own experiments and reason- 
ings. His explanation of Dew, — that it arises from the 
coldness of the bodies on which it settles, — was established 
with great ingenuity; and is a very elegant confirmation 
of the Theory of Constituent Temperature. 

8. The example of all the best writers who have pre- 
viously treated of the philosophy of sciences, from Baeon 
to Herschel, draws our attention, to those instances of the 
application of scientific truths, which are* subservient to 


• UUt. hut. Sci., ii. 510. 
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the uses of practical life ; to the support, tlie preserva- 
tion, the pleasure of man. It is well known in how 
large a degree the furtherance of these objects constituted 
the merit of the Novum Organon in the eyes of its author ; 
and the enthusiasm until which men regard these visible 
and tangible manifestations of the power and advantage 
which knowledge may bring, has gone on increasing up to 
our own day.- Such useful inventions as we here refer to 
must always be objects of great philosophical, as well as 
practical interest ; and it might be well worth our while, 
did our present limits allow, to discuss the bearing of such 
inventions upon the formation and progress of science. 
For the present, it must suffice to observe that those 
practical inventions which are of most importance in the 
Arts, are rarely or never of any material consequence to 
Science; for they arc either mere practical jirocesses, 
uhich the artist practises, but which the scientist can- 
not account for: or at most, they depend upon some of 
the inferior generalizations of science for their reason, 
and do not tend to confirm or illustrate the higher points 
at which theory has arrived. These considerations must 
be our apology for not entering into this discussion at the 
present advanced stage of our undertaking. As we have 
already said, knowledge is power ; but its interest for us 
in the present work, is not that it isi)ower, but that it is 
knowledge. The effect which the a])plication of science 
to general practical uses has in diffusing a knowledge of 
theoretical principles, and thus in giving to men’s minds 
an intellectual culture, is indeed well worthy our attention; 
but the consideration of this subject must be reserved 
for some future occasion. 

We must now conclude our task by a few words on 
the subject of induction.% involving Ideas ulterior to those 
already considered. 
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Chapter X. 

OF THE INDUCTION OF CAUSES. 

1. We formerly* stated the objects of the researches 
of Science to be Laws of Phenomena and Causes ; and 
showed the propriety and the necessity of not resting in 
the former object, but extending our inquiries to the 
latter also. Inductions, in wliich phenomena are con- 
nected by relations of Space, Time, Number and Resem- 
blance, belong to the former class ; and of the Methods 
applicable to such Inductions we have treated already. 
In proceeding to Inductions governed by any ulterior 
Ideas, w’e can no longer lay down any Special Methods 
by which our procedure may be directed. A few general 
remarks are all that we shall offer. 

The principal Maxim in such cases of Induction is 
the obvious one : — that we must be careful to possess and 
to apply, with perfect clearness and precision, the Funda- 
mental Idea oil which the Induction depends. 

We may illustrate this in a few cases. 

2. Induction of Subdance. — The Idea of Substance f 
involves this axiom, that the weight of the M'hole com- 
pound must be equal to the weights of the separate 
elements, whatever changes the composition or separation 
of the elements may have occasioned. The ajiplication 
of this Maxim we may term the Method of the Balance. 
We have seen:]; how the memorable revolution in Chemis- 
try, the overthrow' of phlogiston, and the establishment of 
the oxygen theory, was produced by the application of this 
Method. We have seen too^ that the same Idea leads 
us to this Maxim ; — that Imponderable Fluids are not to 
ke admitted as chemical elements of bodies. 

. * Book xi. c. 7. t Ib. vi. c. 3. t Ih. \*1. i. p. 397- 
§ //>. Yol. i. p. 400. 
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Whether those which have been termed Imponderahle 
Fluids, — the supposed fluids which produce the pheno- 
mena of Light, Heat, Electricity, Galvanism, Magnetism, — 
really exist or no, is a question, not merely of the Laws, 
but of the Causes of Phenomena. It is, as has already 
been shown, a question which we cannot help discussing, 
but which is at present involved in great obscurity. Nor 
does it appear at all likely that we shall obtain a true 
view of the cause of Light, Heat, and Electricity, till we 
have discovered precise and general laws connecting 
optical, thermotical, and electrical phenomena with those 
chemical doctrines to which the Idea of Substance is 
necessarily applied. 

3. Induction of Force. — The inference of Mechanical 
Foft'ces from phenomena has been so abundantly practised, 
that it is perfectly familiar among scientific inquirers. 
From the time of Newton, it has been the most common 
aim of mathematicians ; and a persuasion has grown np 
among them, that mechanical forces, attraction and re- 
pulsion, are the only modes of action of the particles of 
bodies which we shall ultimately have to consider. 1 
have attempted to show that this mode of conception is 
inadequate to the purposes of sound philosophy ; — that 
the particles of crystals, and the elements of chemical 
compounds, must be supposed to be combined in some 
other way than by mere mechanical attraction and 
repulsion. Faraday has gone further in shaking the 
usual conceptions of the force exerted, in well-known 
cases. Among the most noted and conspicuous instances 
of attraction and repulsion exerted at a distance, were 
those which take place between electrized bodies. But 
the eminent electrician just mentioned lias endeavoured 
to establish, by experiments of wliich it is very difficult 
to elude the iveight, that the action in these cases does 
not take place at a distance, but is the result of a chain 
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of intermediate particles connected at every point by 
fotces of another kind*. 

4. Induction of Polarity . — ^The forces to which Mr. 
Faraday ascribes the action in these cases are Polar 
Forces. We have already endeavoured to explain the 
Idea of Polar Forces ; which implies f that at every point 
forces exactly equal act in opposite directions ; and thus, 
in the greater part of their course, neixtralize and conceal 
each other ; while at the extremities of the line, being by 
some cause liberated, they are manifested, still equal and 
opposite. And the criterion by which this polar cha- 
racter of forces is recognized, is implied in the reasoning 
of Faraday, on the question of one or two electricities^ 
of which we formerly spoke^. The maxim is this: — that 
in the action of polar forces, along with every manifesta- 
tion of force or property, there exists a corresponding and 
simultaneous manifestation of an equal and opposite force 
or property. 

5. As it was the habit of the last age to reduce all 
action to mechanical forces, the present race of physi- 
cal speculators appears inclined to reduce all forces to 
polar forces. Mosotti has endeavoured to show that the 
positive and negative electricities pervade all bodies, and 
that gravity is only an apparent excess of one of the kinds 
over the other. As Ave hav/! seen, Faraday has given 
strong experimental grounds for believing that the sup- 
posed remote actions of electrized bodies are really the 
effects of polar forces among contiguous particles. If this 
doctrine were established with regard to all electrical, 
magnetical and chemical forces, we might ask, Avhether, 
while all other forces are polar, gravity really affords a 
single exception to the universal rule ? Is not the uni- 
verse pervaded by an omnipresent^ antagonism, a funda- 

* Metearches, 12th Series. + Hut. Ind. Scu, i. 341. 

X Ib. i. 335. 
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mental conjunction of contraries, everywhere opposite, 
nowhere independent? We are, as yet, far from the 
position in which Inductive Science can enable us to 
answer such inquiries. 

6. Indtiction of Ulterior Causes . — ^The first Induction 
of a Cause does not close the business of scientific 
inquiry. Behind proxima'te causes, there are ulterior 
causes, perhaps a succession of such. Gravity is the 
cause of the motions of the planets; but what is the 
cause of gravity ? This is a question which has occupied 
men’s minds from the time of Newton to the present day. 
Earthquakes and volcanoes are the causes of many geolo- 
gical phenomena ; but what is the cause of those subter- 
raneous operations ? This inquiry after ulterior causes is 
an inevitable result from the intellectual constitution of 
man. He discovers mechanical causes, but he cannot 
rest in them. He must needs ask, whence it is that 
matter has its universal power of attracting matter. He 
discovers polar forces : but even if these bo universal, 
he still desires a further insight into the cause of this 
polarity. He sees, in organic structures, convincing marks 
of adaptation to an end : whence, he asks, is this adapta- 
tion ? He traces in the history of the earth a chain of 
causes and effects operating through time : but what, he 
inquires, is the power whic^j holds the end of this chain ? 

Thus we are referred back from step to step, in 
the order of causation, in the same manner as, in the 
palaetiological sciences, we were referred back in the 
order of time. We make discovery after discovery in 
the various regions of science ; each, it may be, satisfac- 
tory, and in itself complete, but none final. Something 
always remains undone. The last question answered, the 
answer suggests stiH another question. The strain of 
music from the lyre of Science flows on, rich and swecb 
full and harmonious, but never reaches a close: no 
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cadence is heard with which the intellectual ear can feel 
satisfied. 

Of the Supreme Came . — In the utterance of Science* 
no cadence is heard with which the human mind can 
feel satisfied. Yet we cannot but go on listening 
for and expecting a satisfactory close. The notion of a 
cadence appears to be essential to our relish of the music. 
The idea of some closing strain seems to lurk among our 
own thoughts, waiting to be articulated in the notes 
which flow from the knowledge of external nature. The 
idea of something ultimate in our philosophical researches, 
something in which the mind can acquiesce, and which will 
leave us no further questions to ask, of tohence, and whp, 
and by what power, seems as if it belonged to us ; — as if 
we could not have it withheld from us by any imperfec- 
tion or incompleteness in the actual performances of 
science. What is the meaning of this conviction ? What 
is the reality thus anticipated ? Whither does the deve- 
lopment of this Idea conduct us ? 

We have already seen that a difficulty of the same 
kind, which arises in the contemplation of causes and 
effects considered as forming an historical series, drives 
us to the assumption of a First Cause, as an Axiom to 
which our Idea of Causation in time necessarily leads. 
And as we were thus guided.to a First Cause in order of 
Succession, the same kind of necessity directs us to a 
Supreme Cause in order of Causation. 

On this most weighty subject it is difficult to speak 
fitly; and the present is not the proper occasion, even for 
most of that which may be said. But there are one or 
two remarks which flow from the general train of the 
contemplations we have been engagfed in, and with which’ 
this Work must conclude. ^ 

We have seen how different are the kinds of cause to 

which we are led by scientific researches. Mechanical 
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Fot'ces are insufficient without Chemical Aj^niiies ; Che- 
mical agencies fail us, and we are compelled to have 
recourse to Vital Powers; Vital Powers cannot be merely 
physical, and we must believe in something hyperphysical, 
something of the nature of a Soul. Not only do biological 
inquiries lead us to assume an animal soul, but they drive 
us much further; they bring before us Perception, and 
Will evoked by Perception. Still more, these inquiries 
disclose to us Ideas as the necessary forms of Perception, 
in^he actions of which we ourselves are conscious. Wc 
are aware, we cannot help being aware, of our Ideas and 
our Volitions as belonging to us, and thus we pass 
from things to persons ; we have the idea of Personality 
awakened. And the idea of Design and Purpose, of 
which w'e are conscious in our own minds, we find reflected 
back to us, with a distinctness which we cannot overlook, 
in all the arrangements which constitute the frame of 
organized beings. 

We cannot but reflect how widely diverse are the 
kinds of principles thhs set before us ; — by what vast 
strides we mount from the lower to the higher, as we 
proceed through that series of causes which the raii^e 
of the sciences thus brings under our notice. Yet we 
know how narrow is the range of these sciences when 
compared with the whole extent of human knowledge. 
We cannot doubt that on many other subjects, besides 
those included in physical speculation, man has made 
out solid and satisfactory trains of connexion; — has dis- 
covered clear and indisputable evidence of causation. It 
is manifest, therefore, that, if we are to attempt to 
ascend to the Supreme Cause — if we are to try to franu! 
an idea of the* Cause of all these subordinate causes; — 
we must conceive it as more different from any of them, 
than the most^iverse are from each other ; — more elevated 
above the highest, than the highest is above the lowest. 
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But further; — though the Supreme Cause must thus 
be inconceivably different from all subordinate causes, 
and immeasurably elevated above them all, it must still 
include in itself all that is essential to each of them, by 
virtue of that very circumstance that it is the Cause of 
their Causality. Time and Space, — Infinite Time and 
Infinite Space, — must be among its attributes ; for we 
cannot but conceive Infinite Time and Space as attributes 
of the Infinite Cause of the Universe. Force and 
Matter must depend upon it for their efficacy ; for we 
cannot conceive the activity of Force, or the resistance of 
Matter, to be independent powers. But these are its 
lower attributes. The Vital Powers, the Animal Soul, 
which are the Causes of the actions of living things, are 
only the Effects of the Supreme Cause of Life. And this 
Cause, even in the lowest forms of organized bodies, and 
still more in those which stand higher in the scale, in- 
volves a reference to Ends and Purposes, in short, to mani- 
fest Final Causes. Since this is so, and since, even when we 
contemplate ourselves in a view studiously narrowed, we 
still find that we have Ideas, and Will and Personality, 
it would render our philosophy utterly incoherent and 
inconsistent with itself, to suppose that Personality, and 
Ideas, and Will, and Purpose, do not belong to the” 
Supreme Cause from which we derive all that we have 
and all that we are. 

But we may go a step further though, in our pre- 
sent field of speculation, we confine ourselves to know- 
ledge founded on the facts which the external world 
presents to us, we cannot forget, in speaking of such 
a theme as that to which we have thus been led, that 
these are but a small, and the least significant portion 
of the facts which bear upon it. We cannot fail to 
recollect that there are facts belonging, to the world 
within us, which more readily and strongly direct our 
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thoughts to the Supreme Cause of all things. We can 
plainly discern that we have Ideas elevated above the 
region of mechanical causation, of animal existence, 
even of mere choice and will, which still have a clear and 
definite significance, a permanent and indestructible vali- 
dity. We perceive as a fact, that we have a Conscience, 
judging of Right and Wrong; that we have Ideas of 
Moral Good and Evil ; that we are compelled to conceive 
the organization of the moral world, as well as of the vital 
frame, to be directed to an end and governed by a purpose. 
And since the Supreme Cause is the -cause of these facts, 
the Origin of these Ideas, we cannot refuse to recognize 
Him as not only the Maker, but the Governor of the 
World ; as not only a Creative, but a Providential Power ; 
as not only a Universal Father, but an Ultimate Judge. 

We have already passed beyond the boundary of 
those speculations which we proposed to ourselves as 
the basis of our conclusions. Yet we may be allowed 
to add one other reflection. If we find, in ourselves 
Ideas of Good and Evil, manifestly bestowed upon us 
to be the guides of our conduct, which guides we yet 
find it impossible consistently to obey; — if we find 
ourselves directed, even by our natural light, to ai)n 
at a perfection of our moral nature from which wo arc 
constantly deviating through weakness and perverseness ; 
— if, when Ave thus lapse and err, we can find, in the 
region of human philosophy, no power which can efl&ce 
our aberrations, or reconcile our actual with our ideal 
being, or give us any steady hope and trust with regard 
to our actions, after we have thus discovered their incon- 
gruity with their genuine standard ; — if we discern that 
this is our condilion, how can we fail to see that it is in 
the highest degree consistent with all the indications 
supplied by swch a philosophy as that of which we have 
been attempting to lay the foundations, that the Supremo 
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Cause, through whom man exists as a moral being of vast 
capacities and infinite hopes, should have Himself pro- 
vided a teaching for our ignorance, a propitiation for our 
sin, a support for our weakness, a purification and sancti- 
fication of our nature ? 

And thus, in concluding our long survey of the 
grounds and structure of science, and of the lessons which 
the study of it teaches us, we find ourselves brought to a 
point of view in which we can cordially sympathize, and 
more than sympathize, with all the loftiest expressions of 
admiration and reverence and hope and trust, which have 
been uttered by those avIio in former times have spoken 
of the elevated thoughts to which the contemplation of 
the nature and progress of human knowledge gives rise, 
^^'’e can not only hold with Galen, and Harvey, and all 
the great physiologists, that the organs of .animals give 
evidence of a purpose; — not only assert with Cuvier that 
this conviction of a purpose can alone enable us to under- 
stand every part of every living thing; — not only say with 
Newton that “ every true step made in philosophy brings 
us nearer to the First Cause, and is on that account 
highly to be valued;” — and that “the business of natural 
philosophy is to deduce causes from effects, till we come 
to the very First Cause, which certainly is not mcch.anical 
— but we can go much further, and declare, still with 
Newton, that “ this beautiful system could have its origin 
no other way than by the purpose and command of an 
intelligent and powerful Being, who governs all things, 
not as the soul of the world, but as the Lord of the 
Universe ; who is not only God, but Lord and Governor.” 

When we have advanced so far, there yet remains one 
step. We may recollect the prayer of one, the master in 
this school of the philosophy o( science : “ This also we 
humbly and earnestly beg; — that human •things may not 
prejudice such as are divine; — neither that from the 
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unlocking of the gates of sense, and the kindling of a 
greater natural light, anything may arise of incredulity or 
intellectual night towards divine mysteries ; but rather 
that by our minds thoroughly purged and cleansed from 
fancy and vanity, and yet subject and perfectly given up 
to the divine oracles, there may be given unto faith the 
things that are faith’s.” When we are thus prepared for 
a higher teaching, we may be ready to listen to a greater 
than Bacon, when he says to those who have sought their 
God in the material universe, “ Whom ye ignorantly 
worship, him declare I unto you.” And when we recol- 
lect how utterly inadequate all human language has been 
shown to be, to express the nature of that Supreme 
Cause of the Natural, and Rational, and Moral, and 
Spiritual world, to which our Philosophy points with 
trembling finger and shaded eyes, we may receive, with 
the less wonder but with the more reverence, the decla- 
ration which has been vouchsafed to us : 

EN APXH HN '0 AOTOS, KAI 'O AOTOS HN HPOS TON OEON, KAI 
0E02 HN *0 AOrOS. 


THE END. 


Londom ; HARKMOir Airo Oo., PjiiifTJM, fir, Maatim § Lan*. 
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concerning Christ. By WILLIAM WILSON, B.D., late Fellow of St. 
John's College, Cambridge. A New Edition, carefully revised. 8^. 

SCRIPTURAL BREVIATES; or, SHORT COMPfiNDlUMS 

of FAITH and PKACTICE, for the SICK; consisting of Exhortations^ 
Passages of Scripture, and Prayers, applicable to the several circumstances 
of their Visitations. Price Is. per Set, Nos. 1 to .50; or Two Sliillings 
per 100 copies of any selected number; or, a set, bound in a Vol., 2.v. 
New Edition. 

The object of the Scriptural Breviates Is to assist the Parochial Clergy in the Pastoral care, and the number 
of thorn will be increased should they prove to bo generally acceptable. 

EPITAPHS, Original and Selected ; with a large Selection of 

striking and appropriate Texts of Scripture, and an Historical and Moral 
Essay on the Subject. By a CLERGYMAN. 5s, 

THE DISTRICT VISITOR’S MANUAL; a Compeiuliuin 

of Practical Information for the Guidance of District Visitors, and a 
Library of inttTCsting matter for the objects of their care. With a Fiucfack, 
by the* Rev. PROFESSOR DALE, King s College, London. 4s. iki, 

TRADITION UNVEILED; a candid Inquiry into the Ten- 
dency of the Doctrines advocated in the Oxford Tracts. By tlio Rev. 
BADEN POWELL, M.A., Savilian Professor of Geometry in the Uni- 
versity of Oxford. 3^*. 

THE CONNEXION of NATURAL and DIVINE TRUTH; 

or, the Principles of the Inductive Philosophy, and the Study of Secondary 
Causes, considered as subservient to the Proof of a First Cause and the 
Evidences of Religion. By the Author of the Abovp. Octavo, 9^. 

STATE EDUCATION, considered with special Reference to 

.some Prevalent Misconceptions. By the Same. 

THE EDUCATIONAL ECONOMY of ENGLAND. By 

the Rev. J. S. BOONE, Secretary to the London Diocesan Board of 
Education. 3«. 6d. 
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A DISCOURSE on the STUDIES of the UNIVERSITY of 

CAMBRIDGE. By PROFESSOR SEDGWICK. Fourth Edit. 4«. 

CUD WORTH ON FREEWILL; now first Edited from the 

Original MS., and with Notes, by JOHN ALLEN, M.A., Chaplain of 
King's College, London; Inspector of Schools aided by Public Grants. 3^. 

THE IPHIGENIA IN AULIS of EURIPIDES, with English 

Notes. 8if. 

EXAMINATION QUESTIONS and ANSWERS, from MO- 

SHEIM’S ECCLESIASTICAL HISTORY, for the Use of Students in 
Divinity. By the Author of Qmtions and Answers from Burnet on the 
Thirty-Nine Articles. 4s. Qd. 

I 

I EXAMINATION QUESTIONS »nd ANSWERS, from 

BURNET on the THIRTY-NINE ARTICLES. By the Author of 
Questions and Anstcers from Mosheinis Ecclesiastical History. 2s. 

EXAMINATION QUESTIONS and ANSWERS on BUT- 

LER’S ANALOGY. By the Rev. G. W. CRAUFURD, M.A. 2«. (W. 

. PALEY’S EVIDENCES of CHRISTIANITY EPITOMISED; 

with a view to exhibit his Argument in a small compass, without omitting 
or weakening any of its component parts. 5s. 

BISHOP HALLIFAX ON THE CIVIL LAW ; a New Edi- 

TioN, with Additions, by JAMES WILLIAM GELDART, LL.D., the 
Queen’s Professor of the Civil Law in the University of Cambridge. 8^. Qd, 


LETTERS, STATUTES, and other DOCUMENTS, from the 

M8. Library of Corp. Christ. Coll, illustrative of the History of the Uni- 
versity of Cambridge, during the time of the Reformation. By JOHN 
LAMB, D.D., Master of Corp. Christ. Coll. Camb., Dean of Bristol. 


UNIVERSAL MYTHOLOGY; an Account of the most im- 

portant Mythological Systems, and an Ii\quiry into their Origin and Con-*; 
nexion ; with Considerations on the KORAN and thie TALMUD. By tjie 
Rev. HENRY CHRISTMAS, F.S.A., St. John's Coll., Camb. 7^. 
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A SELECTED LIST OP BOOKS. 


THE ELEMENTS of ALGEBRA, chiefly intended for School^ 

and the Junior Classes in Colleges. By the llev. T. G. HALL, M.A.| 
Pr essor of Mathematics, .King’s College, London. 6s. 6d. 

AN ELEMENTARY TREATISE on the DIFFERENTIA! 

and INTEGRAL CALCULUS. By the Same. 12s. 6d. 

LECTURES upon TRIGONOMETRY, and the APPLICA- 

TION'of ALGEBRA to GEOMETRY. Second Edition, corrected, Js. 6d, 

DYNAMICS, or a TREATISE on MOTION; to tvliicli is 
added, a SHORT TREATISE on ATTRACTIONS. By SAMUEL 
EARN8HAW, M.A., of St. John’s College, Cambridge. Q^|avo, 14s,' 

THEORY OF HEAT. By PHILLIP KELL AND, M. A., 

F.R.S., Professor of Natural Philosophy in the University of Edinburgh ; 
late Fellow and Tutor of Queen s College, Cambridge. 9s , 

LECTURES oil ASTRONOMY, delivered at KING’S COL-l 
LEGE, London, by the Rev. HENRY MOSELEY, M.A., F.R.S./ 
Professor of Natural Philosophy and Astronomy. With numerou 
Illustrations. 5s, 6d, 

^MECHANICS APPLIED TO THE ARTS. By PRO-| 

FESSOR MOSELEY, of Kings College, London. A New Edition, | 
corrected and improved. With numerous Engravings. 6^?. (></. 

BIBLE CYCLOPAEDIA; a Comprehensive Digest of the Civil 

and Natural History, Geography, Statistics, and General Literary Infor- 
mation connected with the Sacred Writings. 

This Work is printed in small Folio, In a distinct nnd readable type, but with due regard to economy of 
space. It will be completed In about Thirty Monthly Numbers, price It. 6<i. each ; and will form One or Two 
handsome volumes, at the option of the Purchaser. 

A deti\ilcd Prospectus of the Biblk Cvclopasdia, 'will bo sent (postage free,) upon application, post 
paid, to the Publisher. 

THE CAMBRIDGE PORTFOLIO; comprising Papers illus- 
trative of the Scholastic and Social System of the University; Notices of 
Eminent Characters; Gleanings from Manuscripts in the Libraries; and 
Cf^tribiitions by contemporary Members. With descriptive Accounts of 
tb principal Buildings, and numerous Etchings, by Lewis, Ince, Cooke, 
ana other Artists. In Parts, at 5s, 
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